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54) TELLURITE GLASS, UGHT AMPUHER AND UGHT SOURCE USING THE SAME 

57)Abstract: 

'ROBLEM TO BE SOLVED: To obtain tellurite glass for light amplification by which an induced emission cross 
section in a wide band is made more flat by composing the composition of stock glass for an optical fiber or an 
)ptical waveguide of Bi203, Na20, ZriO and Te02 of a specific mole %. 

50LUTI0N: The tellurite glass as a stock glass used for a light amplifier and a light source is composed of, by 
not. >0 to 20%. preferably > 1.5 to 15% Bi203. 0-35% Na20, 0-35% ZnO and 55-90% Te02. A light amplification 
nedium comprises an optical fiber or an optical waveguide provided with core and clad glasses. Erbium and 
Iterbium are preferably added to the tellurite glass of the core and clad glasses. A laser device is provided with 
he light amplification medium and an exciting light source and the optical fiber using the erbium added tellurite 
;lass is used as the light amplifier. 
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[0036] og'tc. ^^55^367 r -/M<b«S|^Rjfe7 
7 «!: ©Sfe^{coc »rg!iiB-r 6 . 

[0037] ±iB©J: 5 r -f-'^^SaSK 

«-?-n-en©=iT®#T^36i^j5:o. si**ia6*jj:c/s 
m^y7^j\ bityt^mm. enismm^mb. 0 

HSK^-ri^K:. 535^3157 r'r''<2 a. 2 b 

<^^b-r^.. c©/cj*> mmncDmsmimtbxit. 
- 6 0 d BJtui**^* T ^^mmm<om^) sti 

R vol.64, No.l, pp. 63-66, 1997J 4r#M) „ 
Z rS7?»<k!K7r-r''N*. I n^7^i.{bi^7T>r 

-S), h:<f7y^7T '<>'^'©=iT®*f^ 

1. 4 8-1. 55 itf^:^miS.iiCJ:*)$^ 
1. 45-1. 65 (;</v>^ififi£«cJ:»)^^b) . 
2. 4. *sJ:^2. 5357T-f/< (ar®*? 

^~i. 5 0) i«MbfcJs^©js*fig^aR (^{4« 
iE©ffi^wr*. ) (2) -c*«)6ns. . 

[0038] 
[fgi2l 



R - 



10 log 



(dB) 



(2) 



[0 03 9] fc/cL.. n.5. n, W-etl-en. r^g7y<fc!Bj:7T-f/<. 1 nj^7 -y^b^K^ r -f 

r-f''<*jJ:09fS3S567T-<-'<©3TJi^*-C**. Z so 3^:^--/ KJ6>!/-5>^7t-<''-« (<^-7Xaj|RA s -S) . 



(8) 
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S«il^ffl«. -en-en. «>-«,35dB. oo~26d 
B. 1 3 dB. *JJ:0'1 6 dB-C*S. itc*J. Z rJfi7 

<5«) -CS*. 0*11,. cn«. llfflW*7T-f/<«rf^ 

imts. 1 4 0 OS, ^TE^m^v r ^j^<ommm.b o 

fa. 

[0040] C<D^ja4jK^t-^/c««){Cgg^$nft:Be3fc 
<OmW^t^(D — 0 - 2 7 3 4 3 ^-ZM) *0 

9*jj:iyf0i otc^-r, C©fi?JRr«. *-r#te3?363fe 
7 y id^a^B^m^y r ■Y-'-f 2 *-en^n*7 r 

^'>'^'ffi^#M^*7a*iJ:!:^7b■C»}$^S. CCt?, s-* 

©Tfe^r 'f>'<i*jj:af2«. -en^nv^ss a. 8 

b{Cj:0tig9l«)Sn. S^Jl Oa. 10b<b*7r 

-^^m^mosi. 9bU:j:*)^y7 -{^mnmt^l a*s 

tc-ISOHty 7 ■{^<emm.» (09 r«367 r -f -'■<2 % 

^i/5t3t7 T -/^<«j?gf*7 b ) ©sisffistctt. -e 

iK3t7 r ^^^2 ti^^Bm^%y 7 1 iODS^tt. 0 
1 0«:m-r<l:^{c. 3fc7T-^'>'^•l <!:2<D36lft**— £6:^4 
<fc ^ 4C3fe 7 r J^mmm^ 7 a . 7 b Pl±«:i)SSSg. SI 

^. jfe^r Y>'<^g^7a. 7 b<DS^jgffi», ^ti 
•en. #5^7r-^>'<*^<J:CfS^7T-^>'^'2©3fett 

C <Dfie*Ka5«. Sim«:M 1 8 (c <t o r *j t:r i 
3fe<D»aTtt3fe^^«SiJ 5 ©®5r$ <!: mmWl^ 1 8 ©® 

y 7 Af^2<^>zlrfmm^n^ tsnt. ^^jbsds 



ittPg^l 1-2 36 24 0 
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(ommm\t n , (cg^s L . $ /c . wmtm 1 8 ©@i»r$ 

n, id^Cfmmt, fiTSC (3) fcJcc; (4) 

[0 04 1 ] 
[£^3] 

[0042] 
[^4] 



10 



(4) 



[ 0 0 4 3 ] fc/co. A«ft#jjsjs (mm-rim&y x 
[0044] !n±M^tc^ 5 {c, com^mmm^vit 

31&^S^J 5 ©Jl$r^ <!:SI€i^Jli 1 8 (OmmmieJ: 

20 ftofc. 

( 0 0 4 5 ] $/c, ||2©S£^jKJI5i Lr{*. mi IK. 
7jk-rj:^iC, 3fe7r -f>'N'l 9 afcJrOtl 9 b*eS^l,;fc 
367 T >'^*fia$g*7 a , 7 b ©^n^n©gigi^® 

367 r ^^«Dmiiamm.tj::^fincMLxefd»im 

•rS<t^(Cb, 367 r 'f-'^l 9 a*j<l:C>'l 9 b©36$4*5 
— Scf *i^K:367T'C^^•«^g^*7a. 7 bpi±«:fi|r 

S^«367T'r-'>M 9 a©3r®Sf*i367r-{><l 9 
30 b©=ir®Jf^d:*«{i{3f— SW-5«^ecafl3-c*S:J^;ffi 
I^S^IR367T-^>'^•<!:53?^^367T-^''^*©<i:5 

[0 04 6] 

Er©l. 5/im^©il#aHi»fffia*JJ;»)¥ 

40 i, fift. WtiO^fJU^-i hED F A©ttf^«S^l|8% 
ur. J: 0 JE^iSAj:^j^©(gJs§jt6f^t- -5 r- Ji/ 7 ^ 
hEDFASrti^TiCi-C**. 3 36^r£tt?c 
«±fg7c^«:8SflnUr fci itiJE^l^E D F A© J: ^ & 

-f ^ 7 r >'<4ffi«-r -5 C t iffi^f C t 
ifi. S/c. ^Sif-)V=yHV*l'yX^m^\ #(C 1 . 5 
Mm*'6 1 . 7 «m©?fcBl!8rfcaMtplt8«:l£^iS©3fe 

50 CifeSWat-r-S. 3e.K:. #53S3K3l67r-f''<i53l 
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[0047] 

[00481 (1) f^JV'y^ htt^:^f,t. ^Vr^J^ 

0<B i , O, <2 0 . 
O^Na, 0^35 , 
0^ZnO^35 (^;U%) . 4dJ:?y^ 
5 5^TeO, ^90 

[0049] (2) (1 ) iCKiS<D^^U^-f 

B i , o, (Das»ns«. 

1. 5<B i, ^15 

[005 0] (3) 3fe:7T^>^^* 

0<B i I O, ^2 0 . 
O^L i , 0^2 5 . 
0^ZnO^25 . *5j:c;f 

5 5^TeO, ^90 

[005 1 ] (4) r-^P^-f 7ic:7T-<^< 

0<B i a O, ^2 0 (^^b^) . 
O^M, 0^3 5 (^JV%) , 
0^ZnO^35 ^ *j<fcaf 

5 5^TeO, ^90 

K. Rb. Cs'^fi>rj:^mib^fE>miRSti^'J>rj:< th2 
[0 05 2] (5) (4) {CiB*8<Dr-;l/^^ h;5/'^>^ 

1. 5<B i, O, ^15 

[0053] (6) f-^b^-Y h/Z-^Xti. jt:7T-/^>* 

0<B i I O3 ^2 0 . 
0<L i , 0^25 . 
0<Na, 1 5 (^J\^%) . 
0^ZnO^25 . *5j:Cf 

SO^TeO, ^90 i^JV%) 



(9) 1 1-236240 
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[0054] (7) f^JU^-( h:^'y:^{t. 'pU<^i> 

irm^tcmtim't ict i^m ttio 

[0 05 5] (8) TJl^'y^ htf'y:^\tt. ^yr^^^ 

:^mmt. TeOa -ZnO-M, O-Bi, O, -A 
1,0, A^^J&Sifi^'C. M\timm&i±(D7)\^tfV7C 

10 [0 05 6] (9) f'JV^^ htf^::^(it. ^yr^y^ 

0<B i , O, ^10 (^Jl%) . 
0<L i , 0^3 0 . 
0^ZnO^4 (^JV%) . 
7 0^TeOa ^90 {^JV%) 
0<A1, O, ^3 

[0 05 7] (10) r^JV'y^ htf'7:^\tt. ytyr^ 

0<B i a O3 ^15 . 
0<Na, 0^30 (^;U%) . 
0^ZnO^35 . fecfcO^ 

6 0 ^TeOa ^9 0 
0<A la O3 ^4 

[0 05 8] (11) ( 1 ) aj:c>l ( 1 0) (Dc^-rn 
*i — :>iciB4g©f'Ji/^-r h;?/^;^0Cir. J?^L<«, 
30 W83f'^U'7-<h:<f^:^CC*Jt:f-&B i, O, <D^»oaJ&«. 
4<Bi, O, <7 

[005 9] (12) ^mmmt. ^n^^yy^tt^ 
h'tf^y.t^mr^^yr^^^tft\t^mmsip>fb 

rj:^ymmmWX^-?X. (1) U{.>L (6) ^/c« 
(8 ) ^C>L ( 1 1 ) <OCim:«ri— oiclBfgCDT^^U^ 
h 7 ;^ 3^ 6& -5 C i *eRFa<5: -r So 
[0060] (13) ^immmt. ::tT:^^:^t{7 

0<B i a O3 ^2 0 (^JU%) . 
»*b<«l. 5<B i, O3 ^15 (^^b%) . 
0<Naa 0< 1 5 (*;l/%) . 
5^Zn0^35 . 
6 0^TeOa ^90 (^JU%) 
*^^3^d:Sia^?:^'rJU^-< h:^f^X-C&D. */tW§B 

m\<Dms&' 5<Naa 0<3 5 {^)\^%) . O^Zn 
O<10 . ;teJ:i:/5 5<TeOa <8 5 (^ 

50 



(10) 
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m2<om^: b<N&. 0<3 5 . 10<Z 

nO^20 . *jj:c;5 5<TeO. <85 

mSOM-lS. : 0 ^Na, 0<2 5 . 2 0<Z 

nO^30 (^)V%) . *jJ:C?5 5<TeO. <75 

[0 06 n (14) ( 1 2) S/c» ( 1 3) {ClBig 

[0 06 2] (15) ( 1 2) «:C>L ( 1 4) <D(,»r 
PK:gB48<D^feit«iJ««:tC*Jt»-C. *?$(/<«> M 

1 a^^tto 

[0 06 3] (16) ( 1 2) Jit^l/ ( 1 5) ©C»-r 

n*»— :>{cias<D*iti|iaitt«c*j(,>-c. »*t.<». w 20 

^;^<D?-;U7-f hX/^;:<©ii>ift< tfc — Ce. P 
r. Nd. Sm. Tb. Gd. Eu. Dy. Ho. T 

[0064] (17) itimmmt. 'prji<th:3r 

*SC<b*i^<t^S. 30 

[0065] (18) ^msrnmt. untf^:!^^^^ 

Ji«:-C$)or, Biria**l4;*/7X(Dffl^tt. TeO. -z 
nO-M. O-Bi. O, -A 1 , O, 

[006 6] (19) ( 1 2) >a:C»U ( 1 8) CDti-r 
vhtv^&ifiO. 4wm*>?>2. 5 ymT**. 40 

[0067] (20) iy-ifmmt. ^^tmii, m 
t>i^mm»oypts < i «>-o«, ( i 2 ) l 

(19) <DK>-rtiifi—^9SjSi<D^mm»ir^hrjiiC 
[0 06 8] (2 1) U-1f«S«> i!>&<ifc3T 

Ji«:©^*<tfe — D». ( 1 2) ncOL ( 1 9) 

m*»-o«:at8©3teii®jiii**» e,* s c i t -r so 
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[0069] (22) ly-v^mt. ^mmt^tWi 

it. ( 1 2 ) «CC>1/ ( 1 9 ) C[)C»m*» — 3(Ci3«8©* 

ttiiJgtt*^ Aj: 5 c i -r 
[0070] (23) jfeififiStt, TfetiifijSi^i. m. 

s&ytmmmmt. ( 1 2) ftc^u ( i 9) <Di>-rtxip— 

[007 1 ] (24) 3l£it«i§«. ii>«t< ifcnrtC 

©iJ>&<i*> — (1 2) &t,>p (1 9) ©orn 

[0072] (25) ^eififiSW. f-JV^ [■ H'y :^ 

t5a©i!>^j: < <t 1 ^mic^mmt^t amrj: sif # 

[0 07 3] (2 6) ( 2 5 ) {Cia«g©7feitiBStC*J 
[0 07 4] (2 7) (2 5) (2 6) {CiaiS 

©36ii«iS{c*it,»r, j[fsi/<«. mriBf-^i'^'f h*^^ 

TeO, -ZnO-M, O-Bi, O, S^fctt. 
TeO. -ZnO-M. O-Bi, O, -Al, O, 
(Mti 1 mmU±.<D7)ViJ Utc^) */c»T e O, - W 
O, -La. O, -Bi, O, -Al, O, iP^U^m. 

[0075] (28) (2 5) ?tC»l^ (2 7) ©t»r 

p{c^©3feitegcc*jt,>r. »*i/<». lira 

[0 07 8] (2 9) 3K*i<iigtt. xjl/t-jAj&iSSJln 
3fetti|iSe©m 2 ®JWKl©i!»&: < i — 3{c«, 3167 T 

m>^muK.\t. x;n^'jA8sanise*jj:cjf7T-//< 

SS*«t(fia^^i'^-/ h;«/5;!^3l67T-f''-«J:0/h3t>xju 

[0077] (30) (29) (CiBtS©3eieigSK:*J 
t,>r, »SL<(i. mE7-)V^^ hif'^'Xifi. TeO, 
-ZnO-M, O-Bi, O, SyttJTeO, -ZnO 
-M. O-Bi, O, -Al, O, (MttiaatLh© 
T^UX/yjc*) S^tliTeO, -WO, -La, O, - 



(11) 
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Bi, O, -Al. O. iP^i3:i>m]$.^m-ri, 
CO 07 8] (3 1) (2 8) S/ctt (3 0) tCietS 

[0079] (32) (2 9) ^CCiL (3 1) ©t,»-r 

it> — 3©3l6ttiHg|5«:. f-^b^-^ h*7T-Y''-<«^36 

[0080] (33) (2 9) (3 2) ©t^r 

n*" — 3{cfBt8©*it«iS«:4st>r. »*u<«. Use 
■f-ju^ T >'^-*>?)!&•s^feii^iSiJ©Sire^cEa3 

nfcii>^c < i fci><ho<Dife7 T >'^•CDE r aiMSSteJ: 
V%y 7 ^ f'iSmm^^)\^^ A V%v 7 4><DJ: 

[0 08 1 ] (3 4) x;H:r-;»A*l«6Jni 
S L . -^(om^Kotp-cityty 7 A >'-?SS©/h S r 

Ai^ifiitv 7 A f^wm<Di^^Ti^v 7 -< '^(immcmm. 

[00821 (35) (34) «:ia«S©5!fcig*ig«C*j 
l>r. Jf*L/<W. B?geT-.»U7-< h;*f7X>!>s. TeO, 
-ZnO-M, 0-Bi, Oi S/ctiTeO, -ZnO 
-M. O-Bi. O, -Al, O, (M«1®SJW±© 30 

[0083] (36) ^im&Wa.. (23)«ct,>L. 
(3 5) {cget8©36*eiHS{c*jt»r. fju^-fh^T-f 

s% ^ x*>6j5c si»2 ©3fe7 t A /<©sggp4-en-e 
tx, lll*JJ:CJtm2©M»K:fiS^U. »l©m«:i»2 
©M(**5t(rism 1 ©3fe7 7 -^^■?<^:lp^2 ©3^7 t -f >'<<t© 

*«*i-Sc-rS J: ^ fcga-KStifctfc^-C. 0 1 ©fl«:i 

112 ©g«c©ei^E*Si^-r «.®^(c. grta^ 1 ©3fe 

:7r-r>'<<fc|l2©3t:7r^ >'i<0%Wm'^W^m<Jm. 40 
fc. B!rgB^l©3l£7r-<-''«©3(cf4©Se^®©gitl6K: 

str4«*fta0. i uriBSf 2 ©367 T-r -'>•©*«©« 
iKsigM©iiiaifiK*t-rsM*ftS0. ©B8(^*s. m© 

367y-ry<©rJTajT*4:n, . ||2©36:7 r -^z^©:! 

[0084] 
[1^5] 



SO 



sin ft 



sin flj 



3. 
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(1) 



(0085) ©;^*^l'©4iSC«r«ifcl/-'fcttS8rgSiK3*x 
[0 08 6] (3 7) ( 3 6 ) «ciBiS©36tiiHg(C*j 

ir»r , »s L < sjiaa 1 ©M<*tm2 ©e(*©«iK 

[0087] (38) (37) K:Sig©36ttifig«:fc 
l^T. 0< «. mrtam 1 ©g{*i»2©g(*©gi^ 

[0 08 8] (3 9) (3 6) (3 8) ©or 

PK:iBiS©36*ti}§scc4Bi>r. »*l<». tJie 

» 1 *JJ:CFII2 ©367 T -f -en-eti|^53l5fi367 
[0089] (40) (3 6) ^CI»L. (3 9) ©(,>-r 

n*>-o(cffi«t©36*t*iS{c*si,»T. w*i/<tt. lirs 

^W3I^367 r 'f>'^**^ Z r^*.5l>« 1 nl^7 ^^b^^ 

[0 09 0] (4 1) (3 6) i^ft^L (3 9) ©l^-r 
— P«C^©361tifigtC*j(,it. Jff*L.<«. tuie 
*53S^3fe7T'^-'<*i> 4&±Sjc^*i^JjnL/c. Zrl^ 
I ■:'<t!K!I7 7 A'^. i}J\^=iyi-A t^m*f 
7;^7t -//N'W-^fe© iffl-c*s, 
[009 1 ] (42) (3 6) ^ft,>U (3 8) ©ti-r 
0(cffii8©361«*iSK:4st,iT:, »*L<». msi 
m2©367 7'f>'^•*iS5l^3fe7T'^>'<r*•J. (trffiftS 
<9,*l8StU:^*-5. 

[0092] (43) 36iKW. E rma^A^y A hift 

y 7 AJ-itttcimmm^^^mmmi^i: l. m^f^tsm 

(i^©MS{c36*y7"7«:iBgL. ^*»7'^©it>Ja:< 
ifc— 5©JSB-{CJ5«ft:«::a«BLA:C i*#»<tr*. 
[0093] (44) 36j!i«. E rsR^jnT-^l/^ W h36 
7 r -^-'<*/c«36^jg|«#! ( 1 ) /cCt^U (1 1 ) ©C^r 
n*>— o«:KI8$tlfc^^U^-< hiy^X. t C/< « (1 
7). (18). (19). (2 7) . S/cW (3 0) 

[0094] (45) 36ii«S». E r ^^Dt^^U^ 

h367 y ^■«*fc{*36^ie8g^361ii5ii«i*i b. ^7 
r fc«gE36^jS^SS©ii>Ad: < i «>-:^©^«:36* f 
:/-7*IBgU. e36*!»>^-7©il>«c< ife — 3©*&7-k: 

[0 09 5] (4 6) 361tSiig«. E r 8S»nf--'U5 
h367T ■^-'■«*yt«36^ig!K*i ( 1 ) ^ct,>0 (ID© 

(17). (18). (19). (27) . */c» (3 
0) icni^Stitcf-JlyyA \-iiv:^ifihUmt^mWL 



(12) 



21 



[009 6] (47) (4 3) */c« (4 4) CWfeag 

[0097] (48) (45) */c« (46) <3W6iS 

; u ^ S T y ^ ^ y u - ^ > ^/p 6 JQ: o 
[0098] 

Bi, Oj -Na, O-ZnO-TeO, iBlJsScOT'Jl'^ 

>r h:«/^X0CirSil9f So CO-f^Jb^-f 10 

l|-COffl« (A) : 0<B i, O, <2 0 (-tJl/^) . 

O^Na, 0^35 (^;l/%) . 

0^ZnO^35 (^Jl/%) . 

55^TeO, ^90 (*;U%) . 

SF— (DififiJt (B) : 1 . 5 <B i , O, ^ 1 5 

%) . 

O^Na, 0^3 5 (^iU%) . 
0^ZnO^35 (^;U%) , *5j:0' 
5 5^TeO, ^90 (-^rJl/^) , 

IIH(Dfflec(C) :0<Bi, O3 ^20 (^JU%) . 20 
0 i 0^2 5 (^JU%) . 
0^ZnO^25 (^;U%) , 
5 5^TeO, ^90 (^il/%) 

[0 09 9] :^5;^CD^^{k^4>/c6'r_hieA (B) ; 
B i , O3 = 5 m o 1 C : B i ^ O, = 5 m 

o 1 %<om^isjSuW&^m i 2*jci:c/a i sccts-t, 

[-0 1 0 0 ] :7 T >r>^^*^WC*fT'S:^^X(Z)?a^Stt«D 
S C (cfifferential scanning calorimetry : ^H^S 
«SaB3£) ©aiJEtCJcOffffi-C*. -e©Tx-T^<3r>ffl[ 30 

(Tx : JSS^fciaS. Tgr : ^^-^^^Ig^fifi) 

T fir A# n tf fiia^^cC :7 r >f W^Sr # -So . 
-biBffl^^i^(D;^^X«. Tx -T grCDffl;&5 1 2 0 
ti±Offi^^^. «a^«:>'T>f>'^ftSJ(c<^r&So 
L^U. ±ffifflaWpe>tt-rn/cjBl^cr);V^::^*3T*jJ: 40 

4CCNa, OCDAo/c^CDB i 2 O, =0. 1. 5. 5 
m o 1 %<DJS^OD S C<D»J«*S«47F*ro fiiJSJ^:^^ 

J:^tC, Tx-Tg<7)ffi«B i , O3 =0<D:tf^X'C» 
119. 2'C. Bi, O, =1. 5mol %rtt 1 2 50 
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1. e'CrftSOiC)^^, Bi, O, =5mol%<Dli 
^-C«167. b'Cttji^. ^liCB(DmSXktAO^C]^A 
±j»SS^7&ilpI±0rC^SC<!::i&it>*>S. 01 5(CL i 
, 0<D«Ciofc*<Z>B i, O, =0*3ttt5mo 1%CD 
ti^cDD S C<DIaH||fj:arJSjjgS4^-ro C(Omi)^hmh 
tf^tsij;:^^. Tx-TgCDffl«Bi, -^Q<T>ii^7. 
r«5 4. e'CrftScDtC^fL, Bi, O, =5mol 

T x - T g ;&ijteRB;^<!: ?i 0 S8^SStt«^W(Cr6)±-r 
So C©cfc0>4ja*». 3ffiC0^®K|fcJB5 (A I, O 
, . La, O, , E r, O, . Nd, O, 35:^) ^iRJn 

[0 1 0 1 ] */c. B i, o, (Dwmmvimsgmom 

TsCOWSx^ (no ) <0B i , O, ^JjnSftcStt^^-To 
0CD<fc^tC. Bi, O3 aSflDS40;&^€>2 O^Jl/%ar 
^<fc3#SiaSJlUICCtt««|Lrno »2. 04*>62. 

2 2^rii»nrs« 

[0 1 0 2] CCD^^tt^^OfflLT. Bi, O, ^ttlS* 

^fb3#ic:ik:<fcoT. it®»T^llo:)0, 2%mt<o 

[0103] o§^(c, :*l^§g(D7feJti}iJ«ft<D-|^(C-:>C^ 

[0 104] CCDTfciSitiJimi. ::iTtf^Xi>K 
Ax : 0 < B i , Oa ^ 2 0 (^;l/%) . 
0<Na, 0< 1 5 . 
5^Zn0^3 5 , fciCIf 

6 0^TeO, ^90 (^JV%) 

B, : 5<Na, 0<35 {^)\^%) , 
0^ZnO< 1 0 (^Jl/%) . 
5 5<TeO, <85 (^;l/%) : 
Ci : 5<Na, 0<35 (^^P^) . 
1 0<ZnO^20 (^^l/%) . 
5 5<TeO, <85 (*iU%) : 
Dt :O^Na, 0<25 . 
20<ZnO^30 (^;l/%) , 4i5J:0' 
5 5<TeO, <75 (^Jl/%) 

[0105] ±imf&m.mfH(otf^>^{t. -eoxx-T 

€r<Dfii (Tx : ^^itmt. Ts : :^/^;^l£^^fiS) 

:V^x^j:0J»w«:$5e&//5xr*s. ) 3&«i oox; 
-cars. uif^u±MEm0mm^h{trtiftmf&(D^^:^ 
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[0106] :^^m<oms<ommmBit. ^^mMom i 
[0107] *^?^tcfe<b-:5< u-if§^g«. ytmmm 

»<!:®«gjeaS<5:*Wr^U-1f^gT*or. Er (x 
[0 10 8] HI 8«E r'*<Dx*;l/^-mfil[|a'C* 

coHrt*. ±?ge * * law, 

[0 10 9] HHC^rJ:^CC. Er^*© M 

1 . 6 M mW±<DSSaSrcD3l&iiiH^ U-1f^Jg«e 
[0 1 1 0 ] t:6^L/. E r«f-;U^-< h;^/^>^4iCC^J!ja 

mtSLmmmmi:^^. Hirmen-s.t^cci. 65m 
[oiinse^r. Er^{i>rj:<ti>zir(cmmLfc 

^M<D^iyi}?fj:<t^lr}^^tst. 0. 9 8Mm3fe«: 
«t«}g?S^»«§n^o ^«:t>^. B-O. P-O. O 

-Hcc^sftx^^u^-tt, -en-en)Kji4oocm-\. 

1 200 cm-\ 3 7 0 0 cm-*r*0. Cn6«^* 
^clif-^l/^-^ h^^-X(D:7:r >'>x:^;^^^-«6 GO — 
7 00cm-*T*SO'r. <S«±;*:*<3fc-5. CWc 
«). iSSO. 9 8um#ifiC>il£rE rOD Mt./iiSlfi«r 
itSaeor M,a„-^ M.,/.S^(c<t:4 1. 5Mm 

*««a€r:gC^<!: M„,,m(441 . 4 8Mm«ia<3[)7K'CiS 
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[0 113] ttT. Hffi«:#JSU-C:*c|6l«tcfet-:^<36 

[0 114] (HSfeWl) aSSaaccTeO, (7 5mo 
1%) - ZnO (20mo \ %) -Na^ O (5mo 1 

%).TeO, (77mol%)-ZnO(I5. 5m 
10 o 1 %) -Na,0 (6mo 1 %) i , (1. 

5mol%). TeO, (73. 5mol%)-ZnO 
(15. 5mol%)-Na, 0(6mol%) -Bi 

1 O3 (5mo 1%) ifjrSJi^tcTeO, . ZnO. 

Na, NO, , Bi, O, <Dmm«^0tci><0^2 0 

-h±(C^^:^hL. »e>nyt3?/^yC*2 5 0'Ct?4^ 
Hr^-;l/L/Co C(D;^^;:<<D— gp^ffi^o. — >t-3 0 
m g ^7 X i «?)CD 5 ^ (C U /c>'^• 

20 3 0 m g O 2 mm<01f'>:/jVimm^j>^ V +<D^- Jl/g 
mitC^mo. r;l/rf>;^*x^Hm*. ^iSffil 0"C/ 

(DB^tBiz O, = 0<D;^^XT^«1 1 9. Bi 
, O, =1. 5ino 1%-C«1 2 1. 6'CXi>i(D(^n 
L/. Bi, O3 =5mo I %(Dig^'Ctil 6 7. 5'Ci 

& D . «FtcHtriBB©ffiH©ffl^rw4 0 'cai±m9c^f^ 

Tx-TgrCDfii{iB i , O, = 0 (Dj^-^X-CiiS 0 . 2 
•a Bi, 03 =1. 5mol%r«7 6. 3*Cr*-S 
30 (DdCMO. B i , O, = 5 m o 1 %(Dm^X{t 110. 
2-C<b;^j:D. ^^';^^5''CaIJ^L/ciS^J:DTx-TR(Dfii 

;er#. i'^6<0S(Be«:*Jt,»TfcB i, O3 =5mol 

%8§*nT ^ c <?: J: xmmmi^^imm6fi(iC^^± c » 
[0 115] :^mmm^x\mmLtj:imK> :^<omt 

SfSttJCH-r ^ T X - T g ©fii«/^Jl/ :!^'C<Z)ffllJE 

[0 116] >'<;U^:*f^;:^r<DDSC*^ffi^SI|lCCT 
40 x-Tfir^ 1 2 0-Ci3&*:^/^;^<Dffiffi'Cffifflijtft:7T 

rf#6*i4«jte««ia 1 d B/km«Tr*So 3Jgfi][ 

n J: D $^ 1 m&m^rj: y 7 ^j^^mj: ^ t rnw J: ^ 

i!CeTx-Tg^ 1 0 0-C<btt5;tf^X*m^tl«'-- 
0. 1 d B/km0:7T>f>'^•^:^iSC<b3{^5"CgrSo 
[0 117] (jlJS092) nr:^f'7X*5j:iyf^^^^ K>5/ 
50 ^:^tLX±SS.K^fcktBX7i<l,iciJ'7Xmm>i^<0^ 
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r. Pr. Yb. Nd, Ce. Sm. Tm. Eu. T 

b . H o $ /t« D y m(D^±Mi: 1 0 mM%&Tmmr 

^r>i,^X\it. : Kanamori et al.. Pro 

ceeding of 9th International Symposium on Noncxide 

Classes, P. 74, 1994*#M) , 

[0 119] (IUfi«?«3) nr;^^XiUr±fBA, r 

m«T. ^2^:7?eg7!>iO. 5Mm*i^2. 5 Mm. 
r. Pr, Yb. Nd, Ce. Sm. Tm. Eu. T 

b. Ho^/h«Dy^<3D*±S4 1 ose^t^rastti'r 

[0 12 1] (IIS6«?«4) TeO, (68. 6^;U%) 
-Na, O (7. e^.Pl'^) -ZnO (1 9. 0^)V 
%) -Bii O, (4. 8^jU%) if'^:X^aTUt{y 
rE r*l OOOppmaSJnU, TeO, (71^;l/ 
%) -Na, O (8't;b%) -ZnO (2 1 

KWiO. h:t:7iKSl . 3Mm. n 
T • K)SJr^ll2%<D3l6:7T>f^^*?^^L. Cti 

«r3tWiJS»<!: L/Co Ccr>3feWiiKi*«:fflC^ 1.5 m 
m7!P6 1. 7Mm<D«?g^<D3feJtigg«:fp^U. ififiSI 
K^tfo/c. a^Siuro. 9 8Mm*jao\ 1. 
5Mm*56>l. 7Mm^<D(i-^3feiSiOTDFBU-1f 

[ 0 1 2 2 ] H 1 9 :*^mmm(o^m^s(Dnm»jm 
i&^7jk^mv»>io m^mi o Hi^z/mm^mi o 

2 y:ryl0 3 iitbxmmm^y t ^>'>' 1 0 4 

4S8tCg[«ISn. Jt(@ffl5£7 r 1 0 4<Dffe3S3CC« 
jl&T>fyU-^10 5*«««i3*irc>^. fj:^. SSPp°d 

T 0 6 -Cff *:)tir C>^o 
[0123] C(Dj:'>tj:mm^f^rj:^yef^mmi:mi>fc 
^$i^{CJ:D. 1. 5Mm35P6 1. 7 um<om<DiS,& 
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joi2 4]*/c. mc^m&m»imi^>x. 02 or 

1 9<0«#3l£iSl<DR»?^. iKT><y U-^ 1 OSCDW 
:^7WJ^7lc:^ T/-^ 1 0 3 (^l&mbX V >^vi(Dyt^ms 

j<:^y ^ I 07 ^WXLfci><oxs>^. ^LX. m 
^W^>t^^^:^y iJV^7(omMi^H. b umfr^^ 

1. 7Mm<Dra-cg!8&$'t±. mmytmi0 2i)^h^^x 

/Co 

[0125] «±©^Sfifi?4r«a«ajgg<h or 0 . 98 
um^mK M,,,,!|ICfi[^iBeu/E:*s. 1. 4 8 Mm 

{J#^*r4>«:C^. */c, 0. 9 8 Mm<fcD^2figcD3t 

[0 12 6] immms) mi9(fCfjsr^mmm^m 

1. 5Mm^<D51£iii!iill®|^:tfo/Co m^^m^t 

0. 9 8 Mmr$>-:>/Co -^O^^. 1. 5 3 MmJ^i® 

i&S:mxmmmi)n d ewTritiiia-r-sc is&j-c* 

/Co 

[0127] (IQSSWe) Er<3Df^t){CEr*J<J:CXYb 

**8§»n Lx/c:^-7X:$rr7T<hL /cm«J|j5fi^ 3 <!: 

[0128] c<K/tmMm»^mi\ mmm4^j:^m 

o/Co Siajg^SiUri. 02 9Mm (Yb^JOYAG 
if) . 1. 04 7Mm (NdSSJnYLFU— If) , 

1. 0 5 3 Mm (Nd8SJ!raYAGU-1f) . 1. 064 

m^^m-r^c^iic^O. Ji^O/ta:^/j:«Srj®|au 
rtl. 5Mm:<r»6 1. 7 MmcorarcDU— tf^JgfcJ: 
1 . 5 M m^cDE^mitipiiSilS'r-S C tiAXt^ 

/Co 

[0129] «±<DS||S«?i) l--3X\it^y 7 ^^-^(OmSL 
thX—m^mLfcifi. :*:^?8«cnccK^3tiSfc(D 
-C«/jc(,^ /ciA«, Cs, O. Rb, O. K, O, L 
i,0. BaO. SrO. CaO. MerO. BeO. L 
a, , Ya O, , Sc,0, . Al, O, . ThO, 
. HfOa . ZrO, . TiO, . Ta, O, . Nb, 
O, . Wo, . Tl, O. CdO. PbO. In, O, 
. Gaa O3 (Dl^-rn;&>0<hoJ[U±^TeO, i<hfc 

(ii8«) , mm^mm. mttmrn. 88*050^ 

l%tf ) o S/c. E r */t«E rfciC/YbJ*. zir(0^ 
xrj:<^ i^'yv ¥(ci>mmLXh^i.\ 
[ 0 1 3 0 ] 3 36«*ig». *«?8<D3fe«»iJi«: 
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[0 1 3 1 ] */c. U-tf«a«. ^yr^J^vmf&i 

[0 13 2] (Sl*60«7) iti@fli:7T>f>''?ibrEr 1 
0 0 0 p p m*=ir{CSSftlb/c:7 r >f /^•4 m^^C^r 

1. 5Mm^(DitiPi1ttt*iiMUA:o ^r:^^:^^^^?: lo 
T e Oa (68.6 - Z n O (19 - 

Na, O (7. 6^;U%) -B i , O, (4. B^)V 

%) ii/rcn^cp, o, ^5SS%^8sjnL. 

F^^Xfflis8*TeO, (7 1^;U%)-Na, O (8 

-ZnO (2 l'=e;b%) iU/Co r»T - > 
K®»f^ll«2. S^r^O. h^yi&m^O, 9 
6/imtbyfc. 0. 9 8i[im(D3l6 (5£JK«¥^(*U- 
1f ) ^aiiTfei Lri . 5 Mm^cD/h«-^*iJf#:^aiJSU 

<SiiijnLr2dB/mwcciSL/c. A*fi-^u^ 20 

m^LtctC6. 1 5 3 0 nm;&i6 1 6 2 0 nm^-C9 

0 m mmr^mnf>^y "^vh Wlft ^ ( JS;|b®^« 2 0 0 

[0 13 3] */c. p, o, of^otcB, O3 ^mmu 

[0 13 4] (^098) TeO, (6 8. 6^JV%) 
-ZnO (19*;l/%) -Na, O (7. 6"^)^%) - 
Hi, Oa (4, B^)l%) ^ziTif^:;f.tOxcti(iC 
OHS*5000ppm. E r ^ I 0 0 0 p p mglMO 

[0135] v>immLfcm^.k^mim^(oma<o 

gffi3^^^fiCi(D«OHScDft•^x:^;^c^-*53 7 0 0cm 
-*<!:Ci^;^*«c«i*^o/c«>. mM<Dim{iLX$>^ ' I 

(0 1 3 6 ] H2 l«*|%WCCfc<!:-:J< U-lfSggO)— 

fi«*^-rHr*o. E*. #«sw^i 11. 1 1 r « 

®iaffl¥zI<*U— !f (ig^g : 1 4 8 0 nm) . 112. 

1 1 2' {i(i-^3fe<taejfei*ig^S#^^:^-,:/5. 
113. 1 1 5«Jt(iffl5e7r ll4^m7^V 

[0 137] ^!mm 1 3<Di@i}i^>'T Y/'CiL-CE 
r*1 00 0ppmaS»nuyfcZrF, jRC[>7^.<t«J7T 50 
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##:S[fit : Kanamori et al, Proceeding of 9th 
Intern ational Synposium on Non-Oxide Classes, P. 7 

4, 1994) im^\ mumyr^^^i isturEr* 

1 0 00 p pmSSflDlz/cTeO, -Na, 0-Bi,0, 
- Z n 0?h<omitr^)l^ ^ Wr^ />'^fflti/Co 
[0138] -^n^ti<D:7T Y>'^*<h^>3r • ^"y-j K/S 

*r^^»2. 5%-C*0, h^r^^ies^l. 35m 

fco ^mn^l 11. Ill' <D®Sa^^S(*U— tfO 
ai:^3iaaS^l 5 0mW<bLr 1. b um^(omn:^^ 
^V}V^m&l^fCo fi6tl/cW?§X-^4y h;l/*02 2CC 

[0 13 9] 02 2(C7nO/c*iJf#X-N;t5' h;b^c<fcn«, 
M^JfiSl 5 3 0nm*>6 1 6 1 OnmSsroS Onm 

Bi&m(om^iimitix\.>^ctifit>tf^h. hfcf)^^ 

X. C<Z)J:^fcCig^S^Ty^>^;l'hfc/jN$<JJp^6n 

(Omnti^y ^ --^ hJC^cSS^gitiii 1 5 3 0 n m;CPe> 1 5 
6 0 nmCD3 0 nmr^)S(3[)T!. ftJf#)J^i:7 ^ ^; h 
ifiSilii^ 2 <ig«±k:K}^;5 o /c. $ E r ^ttlS^ r 
^^*<01&&«. yyv hUmm^mcti^tci)^ 1 0 n mX^ 

[0140] ^m&mx\t. E rmmz r F. vit 

'^y r ^ ^^^mm^m^K ETmn\T}i'7^ vy7-(j^ 
^tmfc^m\yfcf)y coarrtm^u. inp, jh<o 
yv{myT^^^xi>m.>o tfc. E rmmm^m^fSL 

^tf^:z.yr>(^^^mmmyr-C^^(tCm^X'bm,i.^o 
n>(^. mum^yr^^i(OZ>tr}tUXErmm9'J\^ 

^-Y hyr ^^^^mi^^^ctfj^mmx^^o 

[ 0 1 4 1 ] */c. f^JV^ -iVyr -(J^(D&^t Lr« 

[ 0 1 4 2 ] $/c. Jiififfl:7fe:7 T 4^<<Dmmmt ox 

[0 14 3] immm9)m2 3kt^^m^ht-^<iy 

-if^(ot^i(Dm^m(Dmmmm^^^rmx$>^. c 
(ommmxit. mmmixm(.^fcm^my r -^^^ 1 1 

3.11 5%a:jFij{cSftSpia!^<> K/n-x:? ^ l l 7 
(^^•> Kifi3 n m) ^r/M^rSi^L. 1 4 8 0 n mXM 
ia^*i9 9%. 1 5 0 Onm*i6 1 6 3 0 ninrSS*¥ 
:^1 00%CD5^-1 16?r»Ct. */c. ffeSSW: 1 5 0 
0 nm:«>i^ 1 6 3 0 n mT?S®^2 0 %co 5 1 1 8 

^i9:t:fru— tf^a^^7-:>/Co -€-a)j^^, ^^iSSi 5 
0 Onmi^fD 1 6 3 0 n mOEl^ffifflru-lflfeJg^fil 
g8-rSCt3&5r#, 1. 5uinrffiflit?*40?S«^;x 
^ :^ U -1f i U r ffiffl-C* 4 C <!: ;&i*:>;C>i o /Co 
[0144] «±Si?gL/c<fc^CC. *:|«§S<?)5i6iti?iJ«i* 
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— tfSgS©^fi£*ioIt6«:/j:i5. 1. 5 5 um^<Di/mm 

[ 0 1 4 5 ] */c, i©iH2«giis*«jAi^i^«^<jffl-rn 

«. 7 * A h»0[)<t ^> )iJS5l£>'<Jl'X fcja^S < WIT'S 

[0146] (.mmm i o ) ^HM^n-ct*. iiisw4r 
<Dmf$immi>it. mmmsit ur i . 4 8 wmou- 

hJV^m^LfctC^. 1. 4 6um*i^l. 6 4 Mm 

[0147] {mmm 1 1 ) H 1 2iC7f(t^mi^m(om 

mcisK^x. 3KT-/vu-^f©««:. ifiJ»4llKt-r*fc 20 

AO-C3fet9@RFttSri9ffiL/yi:. - 3 0 d B m©«#5fia: 
©3fe«:A«L/. 1. 4 8 //m-C (2 0 OmW) aeu/c 
<btr. 7^JUd»*»ALJ&:l-><i: 1 SaO-^-l 580nm 

Ctifi-Ct, 1 530nm*'e>l 6 1 Onm©jKSlS«: 

ip»x<DWDMmmcMo. mmmo. 2dB«T-c 30 

[0 148] (m&mi2) AO>mm<Dif^:^iaT. 
*jJ:CXi'9-y Fil/r^TKCe. Pr. Gd. Nd. 
Eu. Sm. Tb, Tm. Dy. Ho, YbS/c«Er 

<¥3-a-/c. €-©e*. -en-eno. SMm. 1. sm 

m, 0. Slum. 1. 07/L(in. 0. 6 1 //m. 0. 
59iuni, 0. 5 4 jKiD, 1. 48Mm, 3. 0 um. 
1. 49ttm. 1/1 m> 1. 5 5 Mm^-CSftfPfSJJ:^ 

[0 149] (^6^13) TeO. (7 0*;U%)- 
ZnO (1 8*;l'%) -Na, O (6*;U%) -B i, 
O, (e-t^W^) ;tf5;^%3T««:i,rE r*2 00 0 
p pm^JJOL'. TeO, ( 6 8 - Z n O ( 2 2 

^rJU^) -Na. O (7*;l'%) -Bi, O, (3^r;l/ 
%) F«tL', *v h:t7iegl. lu 

m« 3Ti'7--' Kit^Sr^^l . 8%©7 y ^>»<i&JBfiJE 
L-, CHimmm^tLtc, l. 3 wmtCijCfi^r-/ 
''■«^5feW4 OdB/km-C*o/c. C<Dy r ■< /^i4m 
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WfI:&*JO . 9 8 *t m. a;5r*i 1 . 4 a y m©jR*|aija 
e^Sfflb/t. m^3feiS<tOr 1 . 5Mm*>P)l. 7 a 
m^©jfigoJS:u— !f;&^^U/c. tt*^ii©ie». 1 
50 0~1 63 0nm©l 1 Onm^Jg-C. 5dBfcl± 
©''J^fi■^«^#**^f e>n/c, C©<!:t. 1530nme(± 
©jSfi-C«l#ig»B5 d BWT-C*-:,^. 

[0 150] (m^mi4)mnmi3t^m<oyr-{ 
fc, mmmmtmn'^yst 1 1 . 4 s Mm©jR:^iPi®;ia 

^^aSiOri. 5um*«61. Turn 

1 5 80-1 6 30 nm©5 On m^JiS-C. 3 5dBfe( 
±©/J^m^^^J^3&l{f6n/c. C©<!:#. 3«#Jg8ittt5 d 
B-C*-5ft:. 

[0 15 1] {mmmi5) mmmi strnmcoyr-i 

^■?*l 5mffi(,»ru-1f4^fig0it. +fl^f-^». ^ 
Sl*5 9-il 62 5nm-C3%©S«^*fc-:>:7y-r 

«Bli:&a*i 1 . 4 8 y m©)R:SnSJSWa«:^ i^/c. 
A9J®ie5Sfi*«3 0 0mW©t*. C#l4T?E^7T-f 

2- { b!^7 y ^-C^# -5 C <!: ©X? ^ /c 1 6 2 

5 n mtcfctir 1 5 0 mw©iiftii:^*if#enyt. 

[0 152] 1 6 ) T e O, {68*;l/%)- 

ZnO (1 3^)1^) -Na. O (4-=e;U%) - B i. 
O, ( 1 5*^1-%) *f5;5i?:=JT«{CUt:E r=&3wt 
%^)t)nb. TeO, (6 9*;l/%) -ZnO (2 1 
%) -Na. O (8*^1/%) -B i. O, (2*;U%) 
KMib^ iJv htyr&^l . 4 am. 
=iT{''yyb'ttmVrmm5%<Dyr^->-<im^0, Cti 
'^mi^WtOfc. CO^T-fM^rS cmflai,>-C/J>®© 

[0153] 1.48 um<Dm:f3mm:&mm 

w^^v-ifimmufiu tmmm.<Dmm. 1530- 

1610nm©80n m^i^. 2 0 d Bfe(±©''h<i^ 

[0 154] (UteW 1 7 ) T e O. -ZnO-Li, 
O-B i . O, <DATt^*fv:^^'& i, O, =5 mo 1 

%icwi&i>, ^oM<oim.i^^x5ommk\^. m& 

m 1 ©-'t^l' i'^S'y X<Dm^ i|^1iK:DSCK:<fcO Jgji^tt 
ifimMLic. ■€-©M*S:EI2 4{Cin-r. C©HK:^-rJ: 
'^JC. A©«l^-CTx -T g*J 1 2 0 -CfeliC^jeft^ 
5:^*if#^n/c, $e.K:B©«ii^-c». ilSS^k©l^f 
~i^imtitj:<.^mmm(iC^Mti:tf7:^i)m<btitc, C© 

<8 0*^U%) -ZnO(5mol%)-Li.O<l 
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Omol%)~Bi,05 (5mol%) i^/^X^aT 
*t<!:Ut:Er^2000 ppm?S*nO. T e O, (7 5- 
mol%)-ZnO(5mol%)-Li, 0(15m 

0 1%) -B i,0, (5 mo 1%) H'yT.^^'jv F 

b/c. 1. 2/imK::teCt4:7T>f^^«3fe«2 0dB/k 
m-Cfeo/Co CCD>'T-r/'C«:3mflac^t:56it*ig4flt^ 

[0155] mm&mtmy^ifio . 9 a ^m, wit^ 10 

1. 4 8MmCD5R:6rrn1iae*»fflL/Co m^^tLx 
1. 5/im*^6 1. T/xm^CDiSS^^U-tf^^L 
/Co it*illgla>te:S, 1 5 3 6- 1 6 1 0 n m08 0 n 
m^iStVs 2 0 d B«±<D/JvM^5pJ»*s»6n/Co CCD 
it. *Sl^|g|^«5dBWTT^o/Co 
[0 156]*/c. A(Dmm^ibmA.fdT eO^ (7 0 
mol%) -ZnO (10mol%) -Li, O (15 
mo 1%) -B i, (5mo \%) i^^X^nrt* 
<hLrE r «:2 00 0 p pmaSjDb. TeO, (70m 
ol%)-ZnO(7mol%)-Li,0(18mo 20 
1%) -B i, O, (5mo 1%) tf'7::^^^'yv Ktt 
<bU. . lum. :3T^ ^ FifclS*? 

SMI, 5%oo:?T^>^N*^?g^SL. cn*iiifsiSfl:ib 
/Co 1. 2/xmCC*5C:rS:7r>f/^a*«6 0dB/km 
t?*o/Co CCD:7T>r>'N'^3mffll>r7feiiiHS^«^ 

I/. gl«cc*iipiiiii^tfo/co -ecDM*. 1 53 0-1 

6 1 0 n m<D8 0 n m^^X*, 2 0 d BJ«±<D/h«#*U 

mmhtift^ c<D<bt. ^ii^j§a(*5dBjyTr*o 

E D F AffiX^ ^ C tifiTjkStift. 30 

[0 157] (mmmisymmmiii^cMmo^yr-i 
/Co mm^&twM^^t 1 . 4 8 uuKOM^mmm 
^jes^u-if*€Efflu/c, mmmm<oi^m. 

1 5 8 0--1 6 30 nm<D5 0 nm^^-C. 20dBfel 

B&rFxi>'yfco 

[0158] imm0ii9)mMmi7^nm(oyr^ 

/^**l 5mffll»ru-1f*«fiKL/Co +i'e'7^^«, ± 40 
1 62 5nmr3%(DJSWS^*>'^^r 

\tmiyi&:»t t> 1 . 4 8m m(om^mmimm otc 

^<^y vit^y y ^ J^xm^C t(DX^rj: ^fc 16 2 5 
nm«C*JC>ri 5 0mWCDlStt:^;&^?§6n/Co 
[0159] (Slte«l20) TeO, (68mol%) 
-ZnO (13mo 1%) -Na, O (4mol%) - 
Bi, O, ( 1 5mo 1%) :^^^X«:aT««:urE r 
«:3wt%aS»niy. TeO, (69mol%)-ZnO 50 
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(21mol%)-Na, 0(8mol%)-Bi, O 

, (2mo \%) iJ'yT.i^'yv KttiO. tf v V*y 
«gl. 4 Mm. 3T^^->r FJtfflJfS^5%<D7T-f 

cmffll^r/J^<3r>5tiiitiS«r«^iKU. *tifill®i4?f 

/to 

[0160] ja«ia[fi« 1.48 MmO«5:&ae«ra5ffl 
0/Co fi-^^^hUri. bumi)^hl, 1 um^COW. 
SpI^U-1f^^b/to *t«iSI®|CDilS*. 1 5 3 0- 

1 6 1 0 n m<08 0 n m^J^. 2 0 d BfeliO/hM-^ 
3pJf53&J»6ti/c. COi*. «iWf§a»5dB-C*o 
/c. 

[0 16 1] (IIJSW2 1) gSl^^CTeO, (7 3. 
5mol%) - ZnO (20mo \ %) -Na, O (5 
mo 1%) -B i, O. (1. 5mo 1%) . TeO, 
(73mol%) -ZnO (20mol%) -Na, O 
(5mo 1 %) -B i , O3 (2 mo 1%) i«c^J:^ 
tCTeO, . ZnO. Na, CO, . Bi, O, CDMf4 
«:ia'^L/ct>CD*9 0 ^So«CC3tttU. ^^rtTK 

^ffliai//c. 8oo-C'C2«Fra«aku/co 2 

5 0 *ccc^»niab/cRfgj*^^rt(c^«^^ X h 
a^^^^iJi^aAPtco/cf^. co[)^M^2oo 

0 r pm'CIiIS^#J^j::0i^*¥«:g3{>:»it3^JPa«o/co 

^cD»^a*'c^ft^feb/co fs^n^iT-iP^^ F//7>^tt 

i1'?^15mm<^. P»9S5mm<*>. S3 13 0mm"CTSP 

cci£:feW*r-5pqfgft^c7)^'r*^/co i#6n/c2*o;^f7 

;^S^*5ia»«rfflC^r»ffltCtj^L/c<fcC6. B i 
, O, *1. 5mo 1 %SS}jnL/c*>0«^g2< CC^^I^ 
Oj^H^b7!>^m6n/c(DtC*tb. Bi, O3 *2mol% 

asanbytiBj»c<3!>i^/d:jgs<t«me>n^c*^-7/co 

2o(0:tf5X<D— gP^lftg^L. SfxJD^JLi^-Cl&^yCCL/c 
>'^•'>y-30mfir<D2 SSIcDIf > P'^biSB^^ +CD 

1 O-C/iJ'CDSCffllSSrtfo/Co 0 2 5 CCij^fe** 

[0 16 2]@2 5ti. ffl^7 3. 5TeO, -20Z 
nO-5Na, O-l. 5Bi, O, ii'y::^ (0*. a 
U) *Jj:?yf7 3TeO, -20ZnO-5Na, 0-2 
Bi, O, iJ'yT. hm *fflt.^/cti^(D-en^ 

n<DDSC<D9J5EH"C*So Bi, O, *1. 5mo 1 
%mn\l^fci^y:^X\t3 5 0-C(ta*^6JSS{t(Df-i? 
*i>&SO. Tx-Tg(7>ffl«69. 2-C'C*o/Co - 

Bi, o, *2mo i%as*nu:fc//'7::^r«3 9 0 

1 1 0. 4'C-C*o/Co trj:t>^^ B ia O3 4 1. 5 

mo \%mmLtcm^('Ctb^x. 2m o \%mmbfttf 

[0163] ia±(Dmmmi-^2 l<Of^jV^>( ViS^yX 
«Bi, O, ^^t^Aim^XS>hCt^&i^(m^tly 
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[0 16 4] ^^f^>tiXi.>:hy 7 ^ J^it'^mti:y')l'7 
^ hiJy:!<t OX itr^if^CDtmvm^f cSintzer 

{^rnm^m^. 251. 0 6 2#)*« 

h^ifi. ^mnwmb. 251. 0 6 2-^<7)r;b^-/ f 
:^^;^<!:«. Bi, O, omm-tjiio^ZytJhi^Ait^ 

ipt\.^^^.xmuh. 10 
[0 16 5] cn^ra-<r#/ccfc^cc*a«Ffm5. 

2 5 1. 0^2^^t^mo^7t^'r)\^'7^< Vii'yMt:^ 
<£< . ^(Ofc^ 1 . 5 5 M mtCijtt-Stg** 1 5 0 0 d 

M^Mo/Co *a!^i^ll5. 2 5 1, 0 6 2#CD35uS 

^im{^\^>ct\t^mnf^mb. 251. 0 6 2^?g 

t> E D F AH^OCM-r ^:att^WtBtS;0^-«J^^cliC i;^^^ 

[0166] $^=>(Ci¥jffflCC^-<n«. *SJRf^^5. 2 
5 1.06 2-^B^*ffl#CC4dC^r. Snitzer g?ttU--1f« 

^^^u^^^x-c4>l|3S-c*€»<Dtc*fLr5l£iiifi«:tt=2T 30 

i^Mmmi^ 3um^<Dmm^(Dmmifimm:mstix . 

[0 16 7] B i, O, ^^m^^'r)\^'y^ Vti'yT. 

85ffi:*"::^f"-</7JU • vf-ijT;UXiti«:7 2%Te, 
O, -18%Bi, O3 :foJ:O*80%Te, -10 
%Bi, O, -10%TiO, ©gB«Sr*S)&^. Ctx^ 

[0 1 6 8 1 ^/c. mt^^':f7- -itfJV • vf^yyji^xfe 
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eO, -6. 0%Na, 0-15. 5%ZnO-l. 5 
%B i, O, <D47E:^r*;l/'7-< Vii'y ::^m^W.^ti. ^ 

flBK3tiri>**J. !aife«l. 5 5<im^k:*$C>ri 5 
00 dB/kmiC^^Sffflr^O. ^Ur-^^Bi, O, 

«4>^*0. mriB:7T-f>^^'(c*5C:f5B i , O, (omU 
[0 16 9] llifim<*rTi^l/<iBt8L/cjiO. *liH« 

L^:47C*f^;l/^-< h//^X3&sWJaTA^Ci*ftPIHL 
/Co cn«>IQS05CCfBiK^'Cab^>:f&«. iRrCCBi, O, ig 
gj&n. 5%«:ffl^SiJ»^Stt»^?iWCCraj±L/, 

iip^ca^tcnri^^-y KCDB i , O3 W^M&(O^W^^ 
0 T /^*<DA n «: a StcMiai-C * C <b 6ai A n 
r>r^N**ffSS{r#. cn6<DffimS»*CCj:01IBa^/cC3 
mi^L^ E D F A 0Jii}i^«?ffi;^CC^ U/Co 
[0 17 0] og^(c. -r-rl/^-Y hEDFACD*iJf#X^d7 

CCA 1 ^Ji^x hiormirar^ci^igJCf^FSiir 

60 S i O, ^;^^XCCA 1 ^8SJnO/tti^. S i O, 

ifi;e/^x{casfln3n/cE r (ommmmmmco 1.53 

umil. 5 6 /xnii<?>r^(7:)'\C^*5i^< ^0. 1. 5 
Anmi)^hl, 5 6 /xm^3&Htr^«3&:f«Jf#3&^Jf#6n^ 
C<!:*5fiie)tirii€» ( ''Erblum-Ooped Fiber Amplifier 
sCJ^;Utr»^A^fti:7r -<>'^'ttl^iS) . Emnanuel Desurvi 
(xvj:.x;l/f'1f'y^T^) . HiJKttJohn Wiley & 
Sons. 1 9 9 4^) • 

[0171] hiJ^l^Ut^h. Cti\t:E^y r >i J^^l^ 

•r^A 1 ©8i»nja«r*D. v^y^ Aj^^n 

J:^CC. :^m^mh\t. f-^b^-r h;?/"^X^(DA IgSftn 
tCcfcO. 1. 5 3Mm<bl. 5 6 Mm<D^^ttm»Tffia 
<D-vC;^«rift|<'r<»:<bfc«:i. 6Mm^^«»Ul»r® 

1. SSum^il. ^^m^tconn^^^ 

s-a-^ c i T&^r * c <b L//Co 

[0172] (IISgW22) H26W: (74) TeO, 
- (16) ZnO- (6) Na, O- (4 ) B i 

, O, :^/^X, isXlf (73) TeO, - (15) Zn 
0-(6)Na, 0-(3)Bi,0, - {3^)V%) 
A 1 , O, :^5X*5J:C/ (79) TeO, - (3) Zn 
O- (12) Li, 0-(3) Bi, O, ~(3*;l/ 
%) Al, 0,iJ'7>^^(0E T<0\. 5Mm»5feX^t^ 
h-rUiTK-r. H*^^W?)*»3tcJ;^«:A 1 , O, iSWL 
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tciizf:^<0^:^^i^ h;KDl . 6 m m#ifi<D3SS» A 
1, O,«:^W0^CC>fc<D«:lt-<?»< . */c. 1.5 3 

[0 17 3] COA 1 , O, ^mtf'yX (T eO^ -Z 
nO~Na, O-Bi, O, ^rnTja^iU 

3 /im. E rtgg: 4000ppm. S§:0. 9m) 

«:f^»0. 1. 4 8Mm'CStjl§ (2 0 0mW) LfctC 

6. 1. 5 6 Mini 1. 6 9 Mm<bCDM#{iM3&i 1 0 d 10 

[0 1 74] C<D:7T^^N'?rit*ijei»iLr. r'T-<^>* 
5^ ^^5^ > y^ftj^^^bSi E D F A * 

flt^LfctC6. 1. 5 3/imdi61. 6 0Mm«:*>3t 
r)mnm^i>n dB&,T(DEDF A^^r^Cti^V 

1. 5 3 Mini 1. 6 0 mnOfUffdll^s 1 5 d B 

iim^wmi 0 nm(tCt>fcO . 1 dBttTCC-r-SCi^ 
B!8r*r>fc. c<Dl|Jg«?8(DA 1 , O3 ^W:^^x*:7 20 

[0175] c<7)A 1 , o, <Dm^im^^(Dmm^^ 

f^isa¥9 - 2 2 6 8 9 OmiCtmOT e O, - Z n 
O-Na, O-Bi, O3 cr>ffl^ (5 S^TeO, ^9 
0. 0^ZnO^35. O^Na, 0^35. 0<Bi 

, O3 ^20. muL'tJi^ro) (cMuxmmr^c^ti^x 
[0176] (mmm2 3 ) a 1 , (Dmn^^dci^i 

■r^«SflPSa**TeO, -ZnO-Li, O-Bi, O 

, *^^xcc*fbrfii^byt. rfjit>%. (so) Te 30 

0, -(3)ZnO-~(12)Li,0- (5^;U%) 
B i , O, //^;<fcJ:af (79) TeO, - (3) Zn 
O- (12)Li2 O- (3) Bii O3 - (3^;l/ 
%)AI, 0,t}'7:^^(DET(D\, 5Mm^CD»56X 
-iiJ' hiU*it«JU/c<bC;5>||J6fi^l01&^<5:|^«. Al 

$WL35:C>t><OCCJt'^?a<&0, 5 3 ami 

1. 5 6/im<Dra«:-C*rt>-5$:«>^^C</a:-:»TU/Co 
[0 17 7] C(?)A 1, O, #*:^f^;^«:nTffl[fiS<tU 

rE rgSJaf-^'^^-f hvr^^^ itiv Y-^vWi^ : 1 . 40 
3 am. E rigs : 4 0 0 0 p p m, : 0. 9m) 
SftSSlL/. 1. 4 8 umrae (2 0 0mW) L/tiC 
5. 1, 5 Bit/mil. 6 0Mmi<DjpJ»iB^*tl Od 
B«T{C{£2«r^/Co 

[0 1 78] C(7>:7r >f/^4itiHii«t<!:Ur. v^;>r^^ 

EDFA*«JiKUfciC4. 1. 53/im3&>i&l. 60 
MmtCt)/tO?tJff(i^3C>il dBJyrcDEDF Aij^-r 
SCiiOirtyto Al, 0,«:^WU^Cl^:7T•Y>'^•*ffl 
t*:fciii^r». 1 . 5 6 um<b 1 . 6 0 MmCDSISlBII 50 
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*si 5dBfeU:*0. *»J»^t|g*ffl(,^r*J»(3[)ffljE«: 
Urfc**Jf#i@^^^ig7 0nm(C*:>fcO. IdBfiiTCC 

[0 17 9]*/c E raSftnigffil 0 00 p pm<D7T 

L/tiC^. Al, O, ^'^^XyXX.^UX^^y y A J^X"^ 
htlfcl, 5 3/imil, 5 6 umt<om<DmiW(OS^W} 
*^*c<^cO. 1. 5 3Mm*i61. 5 6 MinCc^iWr^U 

eO, -ZnO-Na, O-Bi, O, -Al, O, m 

[ 0 1 8 0 ] coA 1 , o, (Dmm^m^(Dmmnm 

tt. TeO, -ZnO-Li, O-Bi, (DJBJSK 
(70^TeO, ^90, 0^ZnO^24. O^Li 
, 0^3 0. 0<B i, O, ^10. #{4^;l/%) . T 

[0181] ^^±(DmmmXittA 1 , O3 <5[)igS*3^ 

%<fcOfe:^»%ffiK'c*n«, Al, o. oas*D«im« 
[0 18 2] (mmmzA) l^l. i^^«±^ciss* 

[ 0 1 8 3 ] *iliSMr«. TeO, -ZnO, -M, 
0-Bi, (M«Li. Nsia!^<DT)Vi7Vyi^) 

m:^'y:^(>cMt^Ai^ o, (omn^\i^<Dmm'^^i: 

0!l2 2--2 3<5:|g«. A 1 , O. ^mm-T^CtftC^K^ 
1. 5 6Mmil. 6 0 MmiC[>*iJ?ii@||* 1 0 dB« 

r(fC^^cti)^x^. itcmmmimi:m\r^xE DF A 

^^^L. 1. 5 3Mm:!C)a6 1. 6 0 ^m<07 0 nmlC 
t>ft^. MSfflMl dB«TOEDFA*iei'rSC 
<!:. */cl. 5 3Mm-'l. 5 6 Mm(D*fJf#*i^— tCT 

[0 184] (ISSSW2 5) TeO, - 

ZnO, -M, O-Bi, O, (M^trJViJVybmxZ 
®SfeU:*^tf) ^:^^XCC*fr-SA 1, O, (Of^m^ 

Al, O, ^mUQ-r^Ctlx:^*). 1. 5 6 Mm 
i 1 . 6 0 fJLmtomnm^^ 1 0 d BWTtcr-SC t 
*/c. ^^J^i^^bg«^ffll>rEDFA*«|/^!^0. 
1. 5 3Mm3Ci>61. 6 0 Mm07 0 nm{Ct>/tO. W 
tfiiHl dBJWTC>EDFA«:j|3S-r'5C<b. */cl . 
5 3Mm'-l. 5 6 um<D3pJ©«ri^CCTiC<!::0^r* 

[0 18 5] (IISS092 6) «±(DS|jS0«rtt, TeO 
, -ZnO-R, 0-Bi, O, (R«T;l//7 UtcR) 
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m^m^fc. Ai, O3 (Dmimmtctif^(o 
, . Ai, O3 mcc^ffljactcie-r. xeo, -wo, 

WO, -La, O, -Bi, O, ^j^'^XtC^ttr fcE 
[0 18 6] KIT. 57C*0D:tf^Xk:':>Cir3 6tClftit 

T4o 10 

[0187] (||S6fl?»2 7) TeO, -ZnO-Li, 
O-Na, O-Bi, O, <D57n^:^'5XCC*Jt>r. T 
eO, =7 5^>it'%. Bi, O, = 5 -^rJU^CcHjeL/Zh 
iS^i. TeO, =8 0^;l'%. 6 1,0, =5*;l/% 
{caSL/cS^r. -€-<Dftfe<7>fflfiS*^^r 1 0 O^iCD;^ 
^:J^«:ft^!£Ofco cne>CD:^/5>^cD— ?:e^)CDOa»rt& 
3 0 m g C[)1^>:/iU«:^y ^Sn^fc 

iisi o-c/^jrDscifj^e^tfo/co ^cD*gm. 02 

7*5j:c;J|a2 8Ccm6tiSB«S^'CTx-Tg3&5 1 2 0 20 

OA <3!>^«3&^e»s^/cTeo. 

(7 5^)V%) -ZnO (5^;U%) -Li, O (12 
-Na, O (3^;l/%) -Bi, O, (5^^l/ 
%) :tf^;^«:3T«f4«:Lt:E r^2 00 0 ppm8S»D 
TeOi (7 5^;l/%) -ZnO (2^JW) -L 
i, O (1 5^JU%) -Na, O (3^;l/%) -B i, 

0, <5*;U%) KttiL. hfy so 
&fil. 1 um. nr^^ KtMJr^^l . 6%<0^ 
r-^y^irBSLL. CtiimmmWtLfCo 1. 2 MmCC 
feWS^rr^T/^iiife^O. 0 1 5 dB/mr^o/c, C 

[0188] tfit^il'C^. ®|aaS[S»mr:&3&^0 . 9 8 
Mm, ®:er3&n. 4 8/im<D)R:^rsi®ia%»fflo;feo m 

-^aSiUri. 5Min:«P61. 7Mm^c3[)kSpJa^U 

-if «:ffli»/c. ^^mmornm. i 5 3 o 1 e i o n 

m<D 8 0 n m^"C 2 0 d B feU:<D/^fi■^m3&5» 6*1 40 

/Co ccDitr, mm^mts dBicrfv$>-yfc. */c. 

028 <:7r^>'^'oIfig«i«) <D«^^3^P6S^/cT e O, 
(8 0^)1%) -ZnO (6^;U%) -L i , O 
>rb%) -Na, O (5^;U%) -B i , O, (5^;U 
:V^;3^^3r(vr{cl/r E r ^2 O O O p pmmiM 
Ls TeO, (80*;b%) -ZnO {2't)V%) -L 

1, O (6*;U%) -Na, O (7^)U%) -B i , O 

SI. l/im. 3T^^v Ktb®«r*^l . 5%(0y r 
^^^^mWu\^. C*l«rit«ia(*<bUfc. 1. 2uinK:*5 50 
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\f)i>Vr^^^Wk\tO. 0 7dB/mr*-7/t„ C<Oy 
T-<^^'*3mffll^r7fe^i^iS€:♦S^L. laJStCtfOiHK 
*tf o/Co *<DlSm. 1 520'-1 620nmC!:)80n 
m^JSr. 2 0dBfeiJiO/jNM#*J»*5»6tifco C<0 

jt§|giS[t*4dBr*o/co «±2:>^e>B(D$ii^<D 

[0189] {mMm2B)mmm2i tw\m(ovr^ 
/to WM^mmij^'nt *> i . 4 8 umcom^^mi^ 
^02KSoi^DFBu-if^<^fflt/co mmm(Dm 

1$CC1 56 0'-l 6 3 0nmO[)7 0nm^igr, 2 
0 d BJiy±CD/hm^*»Jt#35>if#6tiA:. C(D<b*. 
iS[«5dBWT-C*o/Co 

[0 19 0] (mmm2Q) mmm2 7 tmm<Dyr^ 

^'^il 5mffll>rL/-1f%fl|fiS0/to +t'tr7^^«:^S 
1 6 25nmr3%<7)J^^^}$o:7T^>'^• 

in&aTSrifci. 4 8 um(DW,:^\^mmiumLfc. a 

S*a«S^a?&J3 0 0mWCr)<!:*. cn^STSU:? r 

yit^Vr -(^^xm^Ct(DX^rjif)^^?Cl 6 2 5 
nmtC:tet:f^l 5 0 mW<0lSm;^?W#6n/Co 
[0191] (^ffl30)TeO, -ZnO-Li, 
O- A 1 , O3 -B i , O3 <D57cS:^5:^tC*5C>r. 
Al, O, =2'=eJb%. Li, 0= 1 2^;ucc@SU. 
^<Dffe<D«a*^;ir5 0ffl<O;^f'7;^*fPS}U/Co Cti 
60:^^ ;^ CD— g|5^d?)<D ^ ?Litrl9>^? (C Lfc^^^ 3 

r)\^diiyi^::^mmm^. ssaai o-c/^^ros 

CSJ^^tfo/Co ^CD^SH. 02 9{CM6n-SA(D^« 
rTx-Tgj&^l 2 O-Cfe^±0!>S5£^cC:^^X:^n#6>n 
/Co CCDJ:^/d:^g^6^J^cSS^c:^^X^:fflCir>'T-Y>'^*4 

f^-rn«, 0. \ dB/mm^<o^w^tt(^mmx^ 

*/c. Al, O3 oaSftnOJS!lS;&>e>. if^)!Sffl»rffi 
mt^^i)^^ <Lt\X,^^. EDFA CD*ii|ii^i§S*ECf S C 
tfAX%i>. -e-Cr, 02 9<DMiS5^e»a^/cTeO, 
(8 2^;l'%) -ZnO (l*;b%) -Li, O (1 2 
^Jl/%-Al, O3 (2'=t;U%) -Bi, O, (3^;U 

%) ^^;^43rttccut:E r 42 o o o p pmasftn 

0. TeO, (7 5^;l/%) - ZnO (3^Jl'%) -L 

1, O ( 1 8^;b%) -B i, O3 (4^;L'%) fi'yTs 
^i^yy VtttL. tjyhtVi^&l. I urn. ziT ^ 

mmmwtofc. 1. 2iimcc*5C:fs:7r-r^<ta^« 

0. 07 d B/mr*-:»A:o CCD:?t >f^^•?:3^lffllir 
3ti94i{g*«teJcL, i9»^®i*tfo/Co 

[0192] ®|flJS[g»aJ:^;&«0. 9 8 Mm. 

1.48m mowii^mm^mm u/c, g^Tfeag^ 

1. 5Mm35ri61. 7Mm^»fip^U-1f*fi6fflly 
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/Co i^mmmot^M. 1530--1610nmO80n ^jSSrBX 5 C <!: «C J: 0 iSi>igrt(DiftS»fiStffi[^&Tfcf4 C 

[0193] (^C^3 1 ) *Jfi0!l3 0iigS<D:7r-< [01981 (SSISffilS 3 ) H3 0», *^?accfiR4^ 

1 . 5 u m*^6 1 . 7 u m^CDiSSnJ^^ -f :7lc(iW2E»6AI*Lr:ei(l(caiW-r^ei^!S;^ 

ifflt^/Co a*aiftS««fr:&»:5<bfcl . 48Mm<DS:* ftori^So Al*m-^3fe«. 3feT-/yu-t>20 la* 

jS3SliH«:^fflb/c. ASt®l§?SS7!)^3 0 0mW(D<b#. iiiSU/cft. ^tf -^^"y 2 0 3(iCj:K>m^&ytm2 0 ZHf^ 

500-^1 635nni<01 35nm^J« 10 iit. f^WLMmZ 0 A^mMb. mmm^y r -{^^2 0 5 

[0 19 41 (mmm32)TeO^ (7 9. S-x-^e n/cfi-^*«, jfeT-Y V U-^ 2 0 1 b^iiiSOm^JS 
^1/%) -ZnO ( 1 4. 5-^:^1/%) -Na, O (6^;U 

%)-Bi, O, (x^;P%) (x=4. 4. 2. 5. [ 0 1 9 9 ] **SSe«(D76««iSrW. m#ffiS* 1 . 

4. 6. 8. 7) ;e/'7;:<*r3rt^CCLrE r*5 00 p 5 5 /zm <fc ©^35^8^2 0 2 i Ur^'ieS;5^ 1 , 4 

pmaSflPO. TeO, (7 5^;l/%) -ZnO (19^ 8 MmC!)i|^SttU--tf*flaii/Co */c. msm^ty r ^ 

-Na, O (5*Jl^%) -Bi, O, (2. 5* >'^2 0 5 <b L/Ttt, E r <D3T*^(DaS»DiSa3&52 0 0 

>H^%) 5. Klvtil/. h:*':7?SSl. 1 ppm. -.^ h:*-:7igg;C^n . Sum. nr/^^-y K 

;xm. nr^^-y KJtfflJr^Ml. 3 --2. 2%<Dy r moytmVrm^ (Ah) i>^l , 4%r*«9. :7r-/>'^'S 
-f^^*-etl€^nSS8 0 0m<Dfe<D4 5*:f^S?L/to x 20 i: I OmtUfcf-JV^ ^ h^ty r ^^"^^^mOfc. C<0 

= Ai^^^l^)\^yo<Dyr^J^-C\XmL^.{1^^mfJ:i£<0 yty r ^ ^^2 0 b(D 1 , 5 b u mX(Dm^^nm\t. - 

mm^^O. m^mi^ti. m^i)mL<i^:kri>}^.) l. Sp s/nmr$>-^/Co $/c. 5>tJ(i«g2 0 4<!:0 
<0mmt^ I 5m«Tr*0 . t5tSL^.^$^J^C>gB^CD 1.55 umV(D^&»§imi)^ 1 7 p s/km/ 

1. 2Mm(c*Jt:f^:7T-</^'a^»0. 07dB/m'C nmOl. 3 amfl»»S3l#— F3t7 r (t^ 

*r>/Co — :fir. x=4. 2. 5. 4, 6. S^ib^Or? t>*5>'5X^>^-F^— ^-K5fe:7T-<>'^') ^^fflO 

T ^^^*r«fj(a,«S<DPaPS*5 1 0 0 mJi^i-C* 0. mi}^. /c« C<D#— K5fe:7 r -/^'^CDSStS, 7 6mr*o 

*^S3Q:C>SP»<D1, 2/im^C*JC:f-5>:7r-<>'^*a^lc« /c. 

0. 02 dB/kmi^T'C*o/Co EDFA^^S^ST-S [ 0 2 0 0 1 CCD«^CC*5C^r. ^tfcJSg2 0 4*5<fcO• 
±'C>' r 1 OmMffeil^iir*^. x = 4*5<fcc;^ ^^!affl7e:7T>f/^'2 O 5±tt<DiKg^3^tJc«a«SO/c<*:C 
7^;^%(O:7TY-^^•rW8 0 0m<D:7TY^'?3&i6 1 Om 30 6.0. 1 p s /n m«T<Dffl'C*-:>/fco 
<D>'r-<>'^•:&^2 0*iaTL7&^Sn?^j:;&^o/c(Dk:*fL. x [0 2 0 I ] C<DJ:^rj:^i^mm^mi.^X. m^l . 5 
= 4. 2. 5. 4. 6. S^JV%<Dyr-(/^X{t8 0 0 5 um<D4 0 Gb i stOMm^m^^mULfttC 

[0 1 9 5] «T<D^iSC«l33'-40r«. 8ai^(D<l:^ T>r^. *fitttifig. $/c«:/';T>:/£Lr. 

hEDFACD'»g^^tJ(im4^?ft#b/cig«[S^Jtfei^ r^Ci3a:<«ffl-C#iC<5:)&5t);!Po/h. C*lCC*f(^ 
te^W-r^f-;!/^-/ hEDFA^tftig-r-So ]:tt8©/t«)K:. ^tWSM2 0 4^}fALJ^d:C>r. « 

[0 196] h:</^;^?:ltil@jei(t<hL/rffl(<*/c SI. 5 5MmO[)4 0Gb i t /s CD]Sa>'^Vl/X(Di9iH 

3iyt»igCC*jC^r. «illSat(tr*Sf"^l/^^ hEDFA 40 ^rffr^/ciC^. ^^Vl/XiS^K<Di>r^^*stlS^Sn. ffiii 

C0fJ:^*/c(3:S:/3tCf';U^ >r h E D F AO^ojeg^tS ^iaiftt^J^f-ACCitfla-rSC <t*SH|g|3&:C i;^t>*»o 

«ft*»A Uyfc«tig*KS C <!: «:fifciS&1$ai-r [02021 **«SWr«. »i{t«8®2 0 4 ^kitti V ^ 

6« ig^S^tJ^SOfip-reJSt^^Lr^. ^yy^f^^y 'y20Zt^^^(J^Y.rm^'r)\^'yAV%yy^i^2Q 

y Af"^* ^^vtf ' ^l^-f^^Zy^m-^h^o 5<Dfffl{C|8:gU/c?^^ Wmm\tC.Cl<.mn^tlhC t 
[0 1 9 7 ] fie3fc<Df-;u^>f hEDFAr«. 7^;U^ mtf. %T -iy 20 \ SLComWt. %y 
h E D F A Oigg^tJc^fflirr ^JSi<*^:B,fibr C^aii y * 2 0 1 a t%ti 2 0 3 it^fffl. 

/fc«?>. ')m^^n(om.^m^^:K^<t^^. ^(ot^^. 7fe:7T^/^•2 0 5<?:3feT-^y^-:$?2o i bicora. * 
5ii*^raH*«*oyi[:. cn*c*tut:. Y^xvoymmo^ so [0203] *iiifiwr«, ^mm20At\^ 
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[0204] S/c. :»l5d«K2 0 4<!:br. jfe^r-f/'? 
{ClS6-r. + • ^T-f^^ • i^U-f-^^ >y (K. 

O.HIll CLEO/PACIFIC RIM SHORT OXJRSE '97 "Photosen 
sltivlty and Bragg Gratings In Optical Waveguld 

e" ) fflc>rtm>, 

[ 0 2 0 5 ] /ite. &.±<Dimr:it. f^wimm 0 4=k lo 

StlhtC^-cmjil^, -3*»3. :»t5d8KH2 0 4<!:b-r5e 

[0206] (mim3 4) :^mmmv<,t. msoicis 20 

^H2:i-yA) *i5 0 0 p pma6*n^n. 

OMm. AndU. 4%'C*'). 7T-Y-'^•S*1 

7!c?!M2<!:Ur> Nd SSJJDYL F U— tf^ffl 

[0 2 0 7 ] C©i^. i-3fe7T -^^^•<D 1. 3 

1 umVOmm^mt. -3. 15ps/nm*oft:. 
■e-cr. • 7T-f^< • ;5^U-^^>y<?>«S 30 

3. 1 5 p s/nmK:S:Sp. C©#fiR<Oiti>i 
S«:J:»3 1.31 yinCD?«!g<Dilf»fc<i#cr>lii@4tf o 
tc. 

[0 20 8 ] -e<DiSm> j^Sl . 3 1yin(D40Gbi 

[0 209] (Hifew 3 5 ) i^mmti\t, wm%y 

T-f^<2 0 5iOr. TeO, -ZnO-M, O-Bi 

. o, Jki}=7% (ccr. M»i«ajiLh©T;i'*y7c 

^) ?:e*t<!:t. nrfCEr. Pr, Tm (1.48// 
mS/c»l. 6 5Mm^ttiJiffl) , S/dtNd (1.0 
6 /i m3:/cB 1.33 Mm^li$|ffl) ?:mftni/-cmO 

Aiife^T-f^'fifflc^A:. :»tsa«sr2 0 4iur. ^Emi 
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ie(ii«r<fr>ft:<tC6. »fiS!j«®2 0 4©i5:C»i*«:«ac 

[02101 C^mz 6 ) 3|cS^J609-C«. it«iffl3fe7 

r-<>'<2 0 5iCT. ±127 eO. -ZnO-Na, O 
- B i , Oj ©iB^ (55^TeO. g90. O^Zn 
0^35. O^Na. 0^35, 0<Bi. O, ^2 

0. ©;>tf7;^*»*til/. 3T«:Er. P 
r. IxsalLlcXtWA^^ImK^xmmjid^yy Af^^m 
C»/c, »i5(je8a2 0 4<!:L/r> S3?^7t-^^-{S 

/c»*^*-:/h - yyAf^' ifv — ^^>e^4fflc>r. 

SiiiBaEg-c©igs^fi5(*1««ur. lSjI:)t>'>-;l/>^©it 
iti4ff-3fciC5. »tS:j«®2 0 4©&l>i#{ceCo 

X Acti-cfiWr # s c i *Jfigs-c# yt. 

[0211] (mm^ 7 ) 2|s:||J60(-Ctt. leiSfflife:? 
T-f>'<205ibr. JtJBTeO, -ZnO-Li, O 
-B i, Oj ©fflJSS (55gTeO, ^90, O^Zn 
0^25. O^Li, 0^25. 0<Bi. O, ^2 
0> 3T«:Er. P 

r. TmS/cttNd*aaintr«fiSL;fc3t7r-f-'<*ffl 
U/c. :^gStjiM2 0 4<bO-C. 31c7t -^■>'■5*fc^ig^^'- 
[02 12] mmm^yy-f^^btLX. TeO 
, -ZnO-M. O-Bi, O, -Al, O, fhHyT^ 
(CC-r. Mttl«SeU:©T-'U*y7^) *i6«fiSL 

[0213] (||JtWI3 8 ) *IISS0««. B!ri2IIJS«a|3 
7(c*jWS;</7XlS4«tttO. «dtlB7cSRfca^^ 

(tivVty^SL^l. 3/Ltm. Anl. 4%, 
1 km) i&ffll^-C, vv^iii®:^??-:*^^. 

1. 4 8umT*»3. 1. 5Mni^©7lcWi*ff-:.fc. 
[0 2 14] C©<!:*. 7-;U7-f *-K367y-r 

'<©«#i8[fi-C©iftS^iS:«. - l 3 0 p s /n mr* 
o/c. ^JfiJ:jSS2 0 4 <!: Or. 7,^:^9- F53I*— * 

[0215] C©^iJ[J«K 204 ^f";!/? hm— t- 
Kife7 y-ii-i iW^m%y T 2 0 5<D«StCiag 
or. 7!S*t*i«:lfo/c, C©tii®ffl©X3f>4<'- 

*-K3fc7T-^^^205?r7. 6 km©S$fi6ffli./ 
/ci*. (^Jb7-/ hm-*- T /^©iftS^tSt 
(ciS) 1. 5 uIn^©3t-'^v^;^©iR^^J>r**ffll*^I•r 
5C^*lr#ft:. 

[02 16] (||fifi0II3 9) :*^Wr». Cr. N 
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i. Sfc»Ti€r. StrKSUfif? 3 5 . 3 6 <DiHfiR©f^JU 

T-</<2 0 5*ffll»-C. -e^^-e^T. 1. burn^. 1. 
5 M m^. 1 y m^CWISiiiJiitf ^A:. ^fmWZ 0 4 

[0217] W±©3SiSe!|-C{*. *l%?g{c*j{:f^,7t«jS 

[ 0 2 1 8 ] «T. mmkifiwmmimwmiibi^ 

(02 19) ^W^mAO) :^Wm-C\i. TeO. - 
ZnO-M, O-Bi. 05S:«/^X (CCT> mt\m 

3 tifcw-mwmm&'^m a o cD^t:^ y 2 o 5 20 
[0220] ±ia*i»?SEl««:^flab/c k— vtLx 

Pr. Tm. Nd. Ni. Ti, C r ?:ffll>/cti^-C 

30 

[0 22 1 ] <i(±|ftB§u/cJ:5CC> h5fe:7r-< 
0f3 3~4OcD3felti§g«jS*m.5C<h{CJ:iJ. ifiUJK 

[022 2] Wf<J>mSmA 1 ~ 4 5 Wk<Df)\y 
^-f hEDFA©itiS«ia*l. 5 3 urn J: OSiSfcBffll 
1. 5 6umJ:0SjefiffiiJ(CJfcA:t--5Ct«Be«J 

[0223] -e-^a^S^-rS/tJ*. iyTOSfiSSfi^-CW. 40 

ETma7-)\'7A vitvyij^^. w^itifc'pui^t 

3fc7 T ^ >'<©l5l3{c*tiJ: »? fe^R < S E r iSffi 
*jJ:Uf7 T -^>'■ffiS©W^3^r») ^j:E rasjJDT^JU^-f h36 

•CiJ, 7 vimii'y::^ (E rglflnZ r F, Jkv vimn 

I n F, ^7 vimOivT.) ^:E^.iiv:^. 
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[0224] C©J:^&JSi>iS«Ji«:i-SCt{Cj:»). 

se*©f;i'7 -fhEDFAj:o ^mx^^&mvm^-c 
Sftf'pr § 4 E D F A *s^r c t *t-c * 4 . 

[0 22 5] (9l$&t^4 1 ) S3 1». 2is:%Q9{c{|^^31& 
tfitiS©— «J^t^*^n-rat?*.5. S>f. 2 0 1a. 2 
0 1b. 2 0 1 c(J3lc:r-/ VU-i?r4)0. 20 2a. 

2 0 2 hkmm^^mK-rifcibo^t/ 7-7 -0*0 . 

203a. 2O3b»aiia3l&iBr*0. 204. 205 

[0226] ^iFmi^m-c\3.. mmm%v r >'<2 o 4 i 

L/T. Er©ifiKl 0 0ppm©Al (TiUS^^-^A) 

JSS»nS557fe7r (SS 2 5in. *f 

2 Mm, igS7r-<>'<^2 5 0 0m • ppm) %fflt,» 

fc. S)^. {IWi3(£aa2 0 3aitt:. l^iffiSl. 4 8 

^^•205<tl/r. TeO, -ZnO-Na. O-Bi, 

0, ©iH^(5S^TeO. ^90. 0^ZnOg3 
5. OSNa, OS35. 0<Bi. ^20. 
^)\'%) <Dij'7 7.^mit t> E TTSmm'S.b 0 0 p p 
m-C. * 'J Y^vm.Sdfi 1 . 3 *t m (fgS^ r -i /^Wm 
6 0 00m • p pm) -C, fiS* 1 2 mi 
h7fe:7T-<-'N-^SrfflCifc. */t, ®lJi5lci!S2 0 3 b 

r. J^iSfgl. 4 8 um©^}s«t*U— !f*ffl(,>fc. 
[0227] *iS203a©iae3tfi*70mWtO. 
5lcaS2 0 3 b©ae3fefi?:l 5 OmW<tL//ci#. jgg 

1. 52 5Mm*i6 1. 6 1 0 am©8 5 nm©^J^-C 
2 0 d BW±©ifiW*i<tOf5 d B«T©«l#m*58S 

[0228] C©J:^rd:j£^«-Ci^W«)f^^iEDF 
A«8efe©^r»S|31S nrti^rt*. 
[0 2 2 9] ttltiffl31c7r-^>'^*2 0 4*fflt<»^tt,>^i^ 

w> 1 . 5 4 u m J: 0 mmmx:it. w^nmt 5 d a j: 

OaF<. 1. 5 25 um-C«l OdBfeLh©ffi<!:)5:o-r 
teO. 2 0dBfeLh©*m»l. 5 3 Mm*>6 

1. 6 1 ym©8 0 nm^r©*^ 6 n/c. 

[0230] ^:iissw{c*ji>-c. 

If. E D F A©ttf^«S^*J«:*i o/fc©«. 

E r iftg7 r -<''^•Sa©/^3^C^el^iffl3l£7 T >'^•«rf^J^ 

5 v%y r -/-'^©frstciBaL. Sf*jsi^#-c 1 . 

525/xm*>61. 54« m©KS**iim/fc«. f'-'l' 
h3fe7r '('/<©lS$i%eC3-a-Ct,>S/c«)t?*€.. 

[023 1 ] -^#(c. 2t^Jfi0i)©-^0«K:-:>t,»rSiW 

[0 2 32] iiiSfll367T-<^<2 04tl/r. E r©ifi 
SI 00 0 ppm© A 1 (Til'S-'^A) 
T-r>'MS3 12m. *vh:t7iftSl. 2 Mm. age 
7t-/^<SS1 2. 0 0 0m* ppm. C<Dmtx.fl't: 
-iyASsanf^^u^-f h7T-Y-'-«©«>©J:»jfc:*:*iO 

[0 23 3] ^m2 0 3a.<DmWtBt'S:7 OtaWtL. 
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3Kffi2 0 3b©®Sa3feS*l SOmWitfciff. 
1. 53 5Mm*»?>l. 6 1 0 wm©7 5mm©^i^t? 
2 0 d BJ!Jl±©*iJ»fc<tC>-5 d BJWT©»#m«rfi8iS 

[ 0 2 3 4 ) C ©J: ^ ifeir^JU-Ciigii^Klf'^-r 4 e d f 

[0235] (iessw4 2 ) ^mmmvit. msm^v 

7 -{ ^^2 0 AtUXs E riSSi 0 0 p pm:?r •Y-'^g 

3. SmOZrF, my yif^yt^r -^^^ iti-j 

iffigl. 2 Mm. E rigger -f''<SS3 5 0 Om • p 10 

-'<205<!;LT. ±STeO, -ZnO-Li. O-B 

i> O, (DffifiK (5 5^TeO, ^90. O^ZnO^ 
25. O^Li, 0^25, 0<Bi. O, ^20. * 
(Oii'yy^imUt E rmm&ifiS 0 0 
ppmr. S3 1 2m..*jr 3 urn 

(E rjgS7T -<''^•SS6 0 0 Om • p pm) ©7^;l/-7 
y -^/^•*ffl^,i/c. 3 6tC. iaeife?S2 0 3 b i 
Uri®S«Sl. 4 8Mm©*^«:U— tf*ffl(,»fc. 20 

[0 23 6] 3fe?S2 0 3 a®a^3yi?:7 0 mWiU. 
3feaS20 3 b©aia3fea?r 1 5 OmWiU/ci^. jgg 

1. 52 5MmA»6 1. 6 1 0 Mm©8 5 nm©^lg?t? 
2 0 d BJe(±©*W*iJ:CK5 d BJ&(T«W4li^*§!»«liK 
nctifiX^^tc. ti$affl5fe7T ^'-'^'3 0 4*ffll,>^cl,> 
1 . 5 4 M m J; •) 5 d 

BJ:DiS<. 1. 5 2 5itnnt?«l OdBfc(±©ffii& 
->r*j»). *fc. 2 0 dBfeU:©?fJ»»l . 5 3um*> 
6 1 . 6 1 um©8 0 nm^-CL3tP»6ti*3{Po/c. 

[0237] (SIJfi0«4 3 ) *Sy6W-e». 30 
y-/^N*204. 20 SifeiiBTeO, -ZnO-Na 
. O-B i, O, ©fflfiS (5 5^TeO. ^9 0. 0^ 
Zn0^35. O^Na, 0^35. 0<Bi, O, ^ 

20. m&.^)v%) ©;</7;^*ettt Erasttifga 

**5 00ppm-C. *f h:t7jg?g*Jl. 3 um-C$>?> 

»7r'fv<fi«:3m<!:ly. r ^<2 0 5r» 

Vr^^mH 2m<bOfc. ®e3KiS2 0 3 a<tOr 

2 0 3 b 4 l/r». 1.48 um©i|s«(*W- 40 

[0238] 36282 0 SOmf&^Mi 1 0 0 mWi 0. 
3lfija2 0 3 b©aSjfeifi«: i 5 OmWiL)fc&#. iRS 
1. 52 5 am*>e>l. 6 1 0 tt m© 8 5 n m©^l^-C 
2 0 d BtU±©fiJff *JJ:CX5 d BOT©5«Wfg^*EiiS 
■r5C<t*J-C*/c. li«iffl3fe7T-r''<3 0 4 4ffll»!5:(,» 
m^it. I. 5 4 M m J: >) ^ieg-C». ^^^glK»5 d 
B<fc»3iS<> 1. 525jt/m-Cttl 0dB«±©fiii«c 
orteO. Sfc. 2 0 dBtU:©3pJ(i«l . 5 3*tm*> 
61. 6 1 ttin©8 0 nm^'eL;^6n&j&»oyi:. so 
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[02391 tt±©iliS08-c». ^rwiffl3fc7 T 

2 0 4. 205 ^r-en-ensiwaiate j:c;g:^si,ei ^ 
/c*J. a4iS6tt#«:c*aP>{cK5£3ti4t)©-c«/j:<. 

jR:«risi®e«:sa)fcc»-rti©asffi%H?-5-ct>Mi>. 
[0240] (iijsF!i4 4 ) :^mmmvit. mumity 

r^J^AtUXa. IIJS0!I4 l~4 3©«>©J&fflt». if 
•iffi3l&7T-f-'<2 0 5<!:br. TeO, -ZnO-M. 
O-Bi. O, -Al, O, (MWliffiffife(±©TJl/* 
•Jtc^) ^:t/v;^?:S**4 LtcE rmta^Jl'y^ hyty 
7 -i^^ (E r jgS5 0 0 p pm. S3 1 4m) 
fc. C©*!^^. *iifi«*7T-<-'<4«:ffi(,>4Ci{cJ: 
>) . ^l.»A^(,^<!: #^ 0 €>fi}i^^j:ie«§^i^©!l2:;A;«liiS 

[024 1] (Sete0il4 5 ) *SliS0«-C«. iSifSfflife^ 
T-/-'-«'2 0 4<!:Lr. E r *t^ttl3n/c7-> ';>K3t7 
r'r/>*. ')>W&ty7-<f^, tDVaVi-^t Y%V7^f^ 
*fflt>fc. Iii|iffl3t7r'f-'<2 0 4©E rifta^T-^/^ 

sa5&5. mwm^y T .'■5 2 0 5 ©7-;u^ T 
^■{J:0/JN3(,><!:*. (S«t^^cti*i^lg©J£:A:*Sgi2^S 
C<b*irtfc. -o**). iiiHffl3£7 7-f>'<2 0 4©^W 
«. *^?g©J9!)^*^3^3l**«:J&{c». 7^t?!Q:raS«c 
BAj: E r igS7 r -'<S«*<fiSJS:^<7^ - * <b 

[0 24 2] «±©|liSPI4 0~4 4-C«. ErSSJnai 

&.y 7 ■< >^3^m<omtsi^2 -oa^^y 7 -{j^^nmmi^t 

L,fcifi. 3oJW±-Cife-3-Cfc^t». C©<tt. Er^flO 

ms^y 7 -f>'<sa©S'h©3fe7 r /^ttst^ewii- 

«C»m©(4g-Cfcftt,>Ai. K «^H>rg*iat». 

[0243] O^tC. ^te^3t7 y ^J'it^mi^y 

4fc«)©«ijg(co(,>ritt?g-r s , 

[0244]H32tt. *^W{c<>i-5< 51^5^3^36:7 

T-i'^t^smh^y 7 -iJ^tomimcomm^wmth 

%y7A>^. 3Q2\t^Gmdty7^f\ 303a. 3 
0 3 b I*, ^ti^tiim^mty 7 -T/^te J:CJC53?»3fe 

y7A>^2<mu^mfti>^y7A'^u^m!if(: 30 

4 ateJcCJf 3 0 4b \i.%y 7'{}^W^m^3 0 3 a*j J: 
C^3 0 3b©^i^S. 3 0 5»36^t«S$aiI«^L. 1^ 
e^lifeJt^y -f/O 0 lteJ:i:;5^3^3fe:7y-r-'<3 0 2 
«. ■etl^n©«i^^iH3 0 4a. 3 04b©gitlAec 

©ti^. ^NS35Jg367 y -^/N'S 0 1 <!:C3ll^3t7 y -Y>'^• 

3 0 2ra©ffi«^Ad:SiK«. ftge, .0. [rad] 
*JSC ( 1 ) {CTHf ;^*.'U©4>^?:«jar«>ci«:,j:OII 
ST**. fPE^%y y -</<3 0 1 iS3l3K3t 
7y'fA3 0 2©SlM8B(c*}ltSSI*«^gR, *JJ:Uf 

R. «. ^n^n. Tfa©sc (5) . (6) -casti 

2. 
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[0 24 5] 



10 log 



[n^ + n^) 



(25) 



* * [»6] 
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(5) 



[0 24 6] 



5« ^ mi] 



10 log^ 



^ + 43.4 X 



(6) 



[0 24 7] (J:^»S:Blf[H. M. Presbv, et. al. "Be ★{b«»7T : 3TJl»f^l. 6 5. Klft 



velled-fliicrolensed taper connectors for laser and 
fiber back-reflections", Electron. Lett., vol .24, 
pp.1162-1163, 1988]{CJ:*. ) CCV. n„^it^^ 

7t -r/<3 0 2©*- K7 fito 
r. ±fB (5) . (6) sciD. ftse. . 0. 4iSlM 
T S C <!: tC J: 0 . ^S<Dj5S«^ ^fl«±cr)igJgS*^*s 
»1-Ctr-S. mtf. ^^53lJ^5l£7y-fM3 0 1 (Z r 20 
3fi7»{tia7y>r-'-«: 3T®«f^l. 5 5. I nJK7 



2. 4. fJU^-f l>^^^7r-f/<: =ir®*T*2. 

gjft^^ae. . *$<fc!yfe3?J^^-7T-r>'N'3 0 2«:^=fLt: 

^ (5) *jj:af (6) *^L/A:;^iC©iC <7) isJ:Zf 
(8) rtf-»-c#*. 

[0248] 
[!@[8] 



0, ^ 



J?, - 10 log 




43.4 X 



9 



(7) 



[0249] 



i5r -tr [»91 



' 1 





10 log- 




2 


J?, - 
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.4xr2?5V^Y 





(8) 



[0 2 5 0] ife^^S'JBWfflJfSnuv*!. 5.©-^ 
a?gA^&l. 3<xm. ^f5^3g3fe:?T-/'^ 1 
7t-<>'<2<D;^j1<» (^) ci>, . o). 45*1 

miL:^^^. R, =4 0dB. 5 0dB. 60dB*i 
J:yfR, =40dB. 50dB. 6 0dB4l^r5ifc 
^ixoe^ *»J:uf0, *«l{cs^-r. cc-c. 
7 -{^-(ZKLMLX. SSt«^R, =40dB. 50d 
B. 6 0(iQi:^ri>fcibiC'jmrj:n&e, ifiOttj: 



40 



3l£:7r-r^N*2<Dn T®*f* t |S) D l//c/c*r 

T A|H{c*jW-5(gii*rSlfS^fi5 0 
dB<D«^«, 0, *3. 2 [deg]. 0. *4. 5 

[ d e g ] K-rnrt^-c^i ( e , ©fta«ic ( i ) 

[0 25 1 ] 
[^1 ] 



(26) l^mW-l 1 -2 36 24 0 

49 50 











ratffiRS:50dB 






-1.65 istf^m 


l.S 


2.9 


3.7 




-1.65 (ftWi) 




a.4 


4 




—2,4 


2.5 


2.S 


3.2 




—2.1 


2.7 


X2 


3.6 




—1.5 


0 


0 


0 



[0 2 5 2] WiittlSO/ci^CC. :$:^?8iC€>i-5<S 7 t -f-'"? (=JTS»r*» 1 . 5. K:? ^-;UK* 

S«5*nn. tSllSttUV^fli) . 30 7a*jJ:iyf30 7 

1 ) T -^>'^•i535**7 r -r>'^•<!:CD3feW*^ b«-g-|i-en5fe-7 r 1 *icfcC;2<DiS»«:«a#-rSV 

i»a^SK<*«c4>4C<!;, J:C)f3 0 2«. V^««8 KJ: »3ffig9iJ{>3n. S^SU 

2 ) iit^fi^jSijjsi s *iftmiw±m<ommwmi!£i^ 3 1 0 t^t^ r -i^mim 3 0 9 (c j: »3 vatabe^ r -f 

ib^cC^Ci^ , >'f«^f*3 0 7afcJ:af3 0 7b{cH^bfc. fc/d 

3) |lte3?J^7T -r>'-?©i(£#©:)l67T-<>'>'fi^M«: • L-. wmm±y r ^^^mW3 0 7 a. 307 b. V 
SEiK«ffi<Daa#«:?Pf-rS«#ftSiB^3t7T-Y/< 20 aiS«3 0 8. *7r-^^■5@5e«3 0 9©*^S{3:''^V^ 
©?t#©3t:7 7 Y^-^ffi^M^- gEi^M©SiL$4CC*f-r fi';^^5XS©fccD?r«fflU7c. 3 3 1 1 a*J 
^>«^ftS*5M^c^t:<»:fcj:rjTSe*©fe©tA^<^ J:CJf3 1 1 b«. ^n-etiV^S^fe:? T'^>'-ffi^fil«c3' 

0 7a*Jj:0f3 0 7 b©SSKS8H. 3 0 5«3t:¥:«^J 

[025 3] ^c*j, ±ie^H^r»> 7 <.:f:^mv{ix.7ii:iriy^<DUW^mimmbtc, m 

30 l*-5l,>«535^3^£:7T'f>'^•30 2©jigSP^S:^-r St$1. 5-C*>a. ) 4ij^L/. E rj^^JOT-^U^-f h*'^ 

4*7T-f^^fiS^tt:30 3a, 30 3b©gN^Jgffl3 ;^7fe7T -<>'>*3 0 1 fcJ;C;^S3?5S*7 r -f ^-ts 0 2«> 

04a. 3 04b©ra{C3¥:^«?fiJ3 0 5*:^U-Cgi^ «>*©Si^«ffi3 1 1 a. 3 1 1 b©Sia#«C*fl,r0 

l/-Ct>/£:*J. ISI3 3{C5^-ri:55C, ,=18[deg]. 6, = 2 5 [ d e s ] "Cfi^JtL. 

mft3 0 3 a. 3 0 3h<Dmmi't<Dmim^mmm3 30 -r-'<3 0 1 <b53iis^fe7r-r-'<3 0 2iai*«i^a»5feo. 

0 6CCJ;0@S («T©**6«-e«fti^a:£<»:P?^) ^ 2 d B-C««S-C*/c. tCtcV. WmS^t. ETWMy- 

i>Ctttj:i>. t.tc. C©!©^. (5) -Cttu.vin r -<-'<3 0 1 ®E r ^>©!RiR© 

. (c. (6) -cttu.v *n, ^ (7) *jj:cx j(Ri,\ 1. SMm-cacei/fc, iX{cmis©si«iiSfiS9 

<8) t?«u„v?r-en-e*in, *jJ:iyfn, tC^M-TSC iSS 1 . 3 Mmt?©JS««SgS49J35U 

, =40dB. 50dB. 6 0 d B*^r*fcJ«>«:ii& ^^^7 r -f ^^3 0 2ffllJ;»)aceiyfcJKS«gM». 

sjfeftae. *sit^-ct-5, t»^nfcc©j|g©aij5E?si?-c*s6 odB^jffi^siii 

[ 0 2 5 4 ] */c. ±iB-C«. r ^/>'<k5 ttti)&:«Ftt?:^ L/c, */c. E r mJUT^JV^ ■< V^V r 

r -(^fcMm^ • iSSS^S&KKotsriftWLfc -iJt 1 *jj:cjf53i*3fe7 r -{v-js 0 2 ©. -en-en©« 

*i. *^W{3:g)SS:*f9;^*i?.S£S22|s:©|^55?JS7r 40 ^Sd3 1 1 aisjzZ^3 I 1 b©^«|«:>itt--5fte 

■{jm<Dmm. m«> K;</5X7T'f^>' {e, =8 [deg]. e,= ll. 2 [de 

il nJkV vimyy^fm^. ±X<Di^fy-^t>^K.m s] } *J<fcCJC {0, = 14 [deg] . e^ =20 [d 

LTfcW^CCffffl-r*, eg] } ecUfctB^KtoCiTfe. EraSSflT^^l'^-f h:W 

[0 25 5] (^0114 6) 03 4*Jj;iyf3 51rffll,>r r -^-'^•3 0 1 i53lJ^31c7T Y^<3 0 2^©® 

C©«6S«»I?rlttBJTS. a3 4«®^SP©±ffi0. H3 «^ife0. 2dB (SJSjfiSl. 3/Ltm) . Er^JPf 

5tt^gp©»rffiar*4. #JIS#^3 0 1 «E rSSflP r -</<3 0 1 *jJ:W=539fe)te7 t -f 

h;«/7;:^jfe7r^7< (;</7;^ffi^«TeO, - ^^•3 0 2ffiiJJ:DS'JS0/cjS««g|fi». -en-Ctxacepg 

ZnO-Na, 0-Bi, O, . 3TfflST^«2. 1. f!l©6 0 d B«±-C*-:>/c. 

*-K:7-*-JUH*S»5Mm. E raSftIiaK«4 0 0 [0 2 5 6 ] ±j£b/cftg0, . ^^ <omiPht>iPi>^ 

Oppm. 7r-<^<©aa«UV«8Bi) . ZitSMm^ so ^(c. s i ne, /s ine. ©ffi«j2«rL«>J«ffi«:« 



SI 

©rajSt?«s i n0. /s i n e. ©ffi«n, /n, © 
± 1 0%©85fflrtr*n«J:i». 

[0 2 5 7]/{:fcX. E rasj)n7-;l'7-r 

«»aM3 1 1 a«}<f:Cf 3 1 1 b^SitlAtC^-r^Ae 
{0, =5 [d e g] . 0. =7 [d e g] ) «:U 

S7 r -^-'^•2H%S«S^i*{*0 . 2 d B (ffiil^iSS 1 . 10 
Sum) . :^flyfc7T-f>'N'2flllJ:0ai:tl,/CiKS«SS 
fi«6 0 d BJy±-C*-:>fc*i. E rmm^)l'^'{ Vii=y 

y-i/^i mi.^ms.\^icm3m^\i. 5 5 d e-c 

*0. C<D|S*. sine, /s i n 0, ©ffisWn, / 

9k. iP-rmifmMhxmSA (SWS«6 0 d BJy 

ot^T. «m®©Sit#«:*for8 [de«]ljU:© 
fta*«!i*3*i-5C<b*i«IBlyfc. 20 
[0 258] tc*J. ®«f* 1.55 *Wr-5^^S^»l 
5=&fflV»rfc> SJr^l. 5©3fe^«SiJ?:fflt»:te*S^ 

[0 25 9] (JISS«4 7) ^XCC. Il3 8*jj:iyta3 7 
«:mc»rC©||JS«»l4ltt?B-r€>. S3 6«gilSP©±M 

s, S3 7 \sm^<Dimmnh^. ^wm^z o i « 

eO, -ZnO-Na, O-Bi, O, . =ir®9f*» 
2. K *-K:7-*-^UK#Stt5um> E r^JOiSS 
»4 00 0ppm. 7r-r/<©»ffi«UVfiSBI) . 3 0 30 
2 «S3?l^3lc:7 r ( 3 T JS*f ^tt~ 1 . 5 . K 
7-f-;l.Ki|£SW5Mm. ISSlJUV^Jlg) r**). « 
WSK^^t.WSXC. 3l67r'^/<3 0 l*jJ:iyt3 0 2©SS8 
SiJ*^n^nv?»M*7r -r^^•ffiJ^S«:3 0 7 afcJrCIt 
30 7brfig^0/c. yc/cO> 3t:ilJSe>|-C«, V^^316 
7r •/-'<«^gf*3 0 7 a*sJ:Ut3 0 7 bO-en-etl© 
^i^^3 1 1 a4aJ:Cf3 1 1 hWC^imkWi\^t 

Mi*307a<t307b ©®3£«-€-©Pltera*«««iJ 3 
0 8tCj:»)@5t <m@3t) Ute. E rSSMT^JU^-^ h 40 
*f5;^3l£:?rY>'>*3 0 l*J<i:C^E^3fe:7T -f^^SO 2 
©. •eti^n©Si^^ffi3 1 1 a*jJ:c;f3 1 1 b©git 
$A{C*Wiftett0, =18 [d eg] *jJ:C/0. =2 
5 [deg] r^S. *||itC?d46-C*>. E r^JJOT^^U 
|-^7X3fe:7 7 -<>'^•3 0 1 L^E^^VyA'^Z 0 
2W©«iggigifett0. 2dB(tJSjgSl. 3<xm)-C 
E rSSlnif-^l'^-r ^*■7X3fe7r-/^^•3 0 14BJ: 
r -^vo 0 2ffliJJ: oa>j;£ufcjgt*?is^«. 
■en-eiae o d bw±-c«-3/c. 35/c. iiiifi094 5ti«i 



iRfiaV 1 1-236240 
52 

V y -r><*(S«i^ • ISRSt (SS*^S6 0 d BfeU:) 
t?^^-r^>©«:«. '&xm^^i\'=y^Viirf7.%-Jy A 

>^^. ^m^m<jmwm.n\j-z% t d e g ] fe^±©ft 

[0 260] (IIJSW4 8. 4 9);X«C. ®3 8)&cC»L. 
H4 lJ&fflC»rj|JSffl)4 8*jJ:0'4 9?riJiH^-r5. 03 
8*jJ:c;a4 Ott'?-n-e<i^8iI©±ffi-C*'3. H3 9 

*jj:o'H4 i«-etnen««i»©»iffiia-c*s. cne 

©HJctelir. #M^^^3 0 1 »E r iSSftl^^l'^ 
=y7.%-7y (,ii=y-Xl&mt'^ ^O^ -ZnO-Na 
, O-Bi, O, . 3r®*f*«2. 1. *-K7y- 
;l, Ki|£S»5 ttm. E raSMga«4 0 0 0 p p m. 7 
r-f/-!©«ja»UV1»fl8) -C*0. 3t:iliSfi>93 9*5j:C^ 
4 1 t?»*367.T -f-'-«^Si*<b UT^^;^7 x.rt/-;I/3 
12 a. 3 1 2 b*jiffiL./c, fiSi^ffi3 13 a. 3 1 
3 b«#^©;</7;^7*Jl/-.>P3 1 2 a. 3 12b4*4 
«>5f * C £ tc J: 0 Lfc. 
[0 26 1 ] E rB|S/)n7^>>l'7-^ y Af^ZO 

l*$J:UfS^}fe7T-</t3 0 2«SJ§SfiJ3 1 0 (UV 
S^tSfl^ri^ffl) *«t>-C. ii'vT.V 1 2 a. 

3 1 2b{cH;£L./t. a3 8*J<fcUta3 9(C^Uyk|^ 
^4 8«> gglSffiS 1 3 a <»: 3 1 3 b©ra«:7fe^« 
^13 0 5 (fflSf*«l. 5*jJ:Ofl. 5 5©2@4fflt» 
fc) 4/|-0r««^-rSfe©-C*»). H4 0te,fcCJ« 

04 1 fc5Sb/cSySW4 9 «i^ffi3 1 3 a <!: 3 1 
3b<i:«r^^«:^«3i±r«i^-r'5«>©r*4. IQfiM 

3 8*JiUt3 9«:*jWS. E rSSftJf-;!/^-^ 
^r-^-'^'SO lteJ;at55?^fii!£7T-/-'<3 0 2©. 
©^i^M3 1 3 a4s<fcc;3 1 3 b©£a:#(C^-r^A 

=12 [deg]. 0. =17 [deg]-C* 

0. E r8S*nT-;b7-r ^^^;^3l£:7r-r-'^*3 0 1 £e3? 
mtV T 3 0 2 Pa?:««ISilcO . 2 d B 

1. 3 Aim). E r jJS/BlT'Jl'V'f h:</^;^^fe7T -r/<3 
0 l*Jj:U^S3?^3l£7T-r>'-«3 0 2ffl|<fc0afI5tUteJSS* 
Wmmt.. 6 0 d Bfe(±*Sl^oyt (l^*6«^4 7 -C 
»3fe^«giJ©®*f*i or 1 . 5il. 5 5©2S* 

J:CX4 7<t|pI«lM:> ^rmm-)\''y-<Vij=y-X%Vy A 
^^t^E^mi/tv y -f^^^rfittife • ffiSS* <SS«S«fi6 

0 d B«±) 'CW^iri><i>\^'imttf)\^'^ A vn^y(.it 
•y y A>^t.W^Wm ' ^WBOn&itS [ d e g ] 

[0262] SetC. ±ffi||iS0!l4 6«:C>L/4 9(C^b 

1 <±f=7:^m^itT eO, -ZnO-Na. O, 3T® 
Jr*W2. K *-K7.<-;l/K¥a«5 jum. Er^ 
flIliSS[»4 OOOppm. 7r 1 m. MSUU 
V^fll) ©MSKSJI^ie^ r L . 0 4 2 Jc 
jrT3fe7 r -r-'<iiilig*«»fiSL//c. 3 1 4 a*$<fccf 3 1 

4 bWE ri8anif-^l"5Y h*9;^3fe7T-f-'^3 0 l'^© 



f 



(28) 

53 

mm.^mLfiWimfMB-emm.Si\. 4 sum. 

a}:^;2 0 0mW©*^«cU— If. 3 1 5 ateJ;J>*3 1 5 
b \tm^%tmfmMSl>Z 14a. 314b n 
fc®j@**^«-r-5^«S5. 316a*iJ:CJf316bW 

Syt. 3 1 7 afciteCf 3 1 7 b td*j%W©«ISap«^ 
SS(fiW4 8 (3fe^««»lI©iS»f^« 1 . 5 5 ) . H 
mmAl. IISfiCT4 8 (ife^^giJcDSff^tt 1 . 5 

5) . *5^immmAQiC7rit±x<o:m^im\^fc, 

/tftfl/. iyS0l)4 6*J<i:af4 7«:n^-rSi^SU«. ErtS 10 

h:tf7:5l3t7r-/-'<3 0 1 4sJ:c;fC^*3l67 
T'f.'^*©SiK^ffi3 1 1 aiBJciy^'S 1 1 tcomMMVi^ 
■rSftS»e, =14 [deg]. 0, =20 [de 
ar] . liasW4 8*jJ:af4 9«:>n-rsmT». Eras 

^<©SSKjS®3 13 a. 3 13 b<Dg»l4CcM-riftS 
we, =12 [deg]. 0, =17 [deg] 

J60!l4 8{Cn^L./c:^r®«i^&ffl(,»SC<t{Cj:«3. % 

y y -f -'<iiin§<D<t#m 4 0 d B^j.±.^mmt a i s 20 

/c, 04 3 CC:*5fe7 r -'^•til^iS©itlti#t4<D-mS^ 
-r. «^&W*Jfifi^4 6<D:^^SfflU/c. 
[0263} (Safe«5 0 ) ^m<Di^^E^%V y A >^ . 

[0 264] ^2*iJ:C/a3{C-e©i|g*i&*<!:Jt)r7n 

•r. ^Mm^yr-iJ-ts 0 1 torw. 

1. f^U^-r h:</7;^3167T-^^< («2-CW#W3ES3l£ 
tf^:^mM. T eO, -ZnO-Nai O-Bi. O 30 
3TS*f*: 2. 1 

2. Zr?kyv{m^yr-C^'im2^fim:Enmyty 
iiy:^m.lS,: ZtF ^ -BaF, -LaF, -YF, - 



1 -236240 

54 

A 1 F, -Li F-NaF. 

r3TS*T^ : 1 . 5 5. ^-YV K^S : 4 u 
nix 

3. I nJhy vim%yr^^^ {^3x\m^^%y 

ify:^mf&: InF, -GaF, -ZnF, -PbF, 
-BaF, -SrF, -YF, -NaF. 

am 

4. K3^:^^X367r (*3-C»^f5 

//^;^ifflfiE: As-S. =ir®*r^: 2. 4. 

^- h'y 4 -JV F¥S : 3 urn. «a : U VSflg&ffll^ 

/Co 

[0 26 5] **5. ±tH^^S3|3g5l&7T^^>*A. B. 
C. Dr«. *±JS7n«<!: E r (mMSiS 10 0 0 
ppm) . Pr (gSMSgS 0 0 p pm) . Tm mm 
?Sa2 OOOppm) . Ho (^ftOtSSl 0 0 0 p p 
m) . Yb (SIJMiSSSOOppm) . Tb mtmSt 
2000ppm). Nd (^MSSl 000 p pm) . 

Eu {^ttiTsa2 OOOppm) (oim^fc{t2m^:Ji± 
/c. mmr^:E^ycyr^^<(arm9rmiiti, 5) 

(D^- fy ^ -jv K¥Sl«. ±n^&^<oi¥S^y r ^ 

mmTm<ommn^m l^/csjk«8® 13-1^13-2 

raffl©:7fe^l^S?5<D®Sf^ttl. S-CftSo SJ^a* 

[02 6 6 1 
[£2] 
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e. 


Ot 






1^61^7 r -Ot J: oils 




A 


mti^m^ 6 


8 


11.2 


aa 










10 


14 


0.2 


eodBULh 


eodsmJ: 




4 8 


12 


17 


0.1 


eodBULh 








10 


14 


0.2 








lllfi«4 7 


12 


17 


0l2 


eodBiiLt 


eocffiJiLh 


B 


IIS6^4 6 


4 


4.1 


0.2 


,60dBULi: 






IIJfi«4 7 


4 


4.1 


0.2 


eodBJUi: 






^^914 8 


4 


4.1 


0.1 


60dB^:Lh 






^^{^4 9 


4 


4.1 


0.2 








IIM{M4 6 


6 


fi.2 


0.2 







[02671 



* * C«31 







6. 












C 


^$&{»4 6 


S 


S.5 


0.2 




BOdBtiU: 




^«&ffd4 7 


s 


S.5 


0.3 








^S&0d4 8 


& 


5u5 


0.2 


GOdBJ^ 


eodE^OJ: 




^£6094 9 


5 


5l5 


0.2 




60d^ 




mmm^ 6 


10 


11 


0.2 






D 


lltiM4 6 


9 


14.5 


0.2 




60dBlia± 




II^&14 6 


15 


24.5 


0.2 


BOdHKLb 








9 


14.5 


0.1 


eOdBOJt 






lltfi{^4 a 


9 


14.5 


0.2 


SOdBULh 






SIJt«4 9 


9 


14.5 


0.2 


eodBmil 


eOdBULb 




1116014 9 


10 


16.1 


0.2 







[0 26 8] ^2*jJ:c;^3(c^t-J:^«:. 

fiSS* <SI«i{«fi6 0 d BW±) om^Lfc*!. ± 
iBZr^7y{t««67y-fAt?»et <3 [deg] 40 
■e. ±fai nJR7 9<b!g)7fe7T-<>'<-C»0, <4 [de 

< 8 [ d e gr ] vmi3f6\(DmiWM&6 0 d Bja±*ia 

[026 9] ±iBP raawi n*7-^^k«J7T-^/< 

3-C«^^S^5^3t:7 r ^^^Dt^nk) «:fflt,>r 1 . 3 u 
m^ifc7 r -f^<tii}ig««lJaL. {i#=f«Bf 3 0 d B«± 



0, »5 [d e g] . e. «5. 5 [deg] t 
liieifciS«c»l. 04 7/iml®g<DNd-YLFU 

[0270] ±^lifi««-CB#:^|»ifc:7 r -^>'^•^53S 

m*7T-r-'«DSi^tcMorsi?ai/fc. CC-C> 2*:© 
B. C. DfiD4a*ffll,>fc. ^tfc. #±3Pl7C««aS»PL 

[0 27 1] 
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[027 2] \^J.±.<r>mimA 6 ~ 5 0 Ofc^itifi 

CATVi>Xf-A®igf4te^fc*3iJ?)iC<i:*Jt?t. -e© 
( 0 2 7 3 ) ISfc, E^l^cDJiiHigi L/rig?S^ffi)l£G 



(30) !^§gjpi 1-236240 

58 

r0 2 74] (SUieSS 1) 3|s:|ie8-C», ErJRftlT^Jl' 
h^fe^T-r/tSfcWJfeSliSSSiASE (Amplifier 
10 Spontaneous Emission) 3feilS<J:LTfiJfflL/fci©^tCO<,» 
E r »flnf^;b^ T -< >'<*®ie 

■rS<b7T-/-'<J:0S4 6O5liS-C^L/cX'Si> hJl/O 
ASE*l»6n. cn41. 5*>6.1. 6am©3l£iSi; 

[0 275] 2f^fi^T?(J. 044 VCTfCt^mX S E 
^^rf'PKl/fc. E r ^»n^^l'-7 -Y h r -< >'-«4 0 2 
20 ». TeO, -ZnO-M. O-Bi. O, (M«— 
ofel±©T;b*';7C^) //^;^*^:»TeO. -ZnO 
-M, O-Bi. O, -A l.Oj ^ (M«— ot(±© 

OE r ie{fciSS«. 2. OOOppm. Vr -ii^SAt 4 
m. h:t:7jRS»l. 3Mm. An»l. 5%r* 

[0276] 0*. ^wm^^ o i \mmt (jesi . 
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